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NOTES ON NOMENCLATURE
P y rro liz id in e  compounds with one or two doub le-bonds a re  
nam ed a s  d e riv a tiv e s  of 1H- or 3H -pyrro lizine in accordance w ith 
Chem ical A b s tra c ts  nom enclature e . g . ,  e th y l 5 ,6 ,7 ,8 -te tra h y d ro -3 H - 
p y rro liz in e -  1 -ca rb o x y la te .
Fully  s a tu ra te d  compounds a re  nam ed as p y rro liz id in e  d e riv a ti­
v e s . T he s te reo ch em istry  of su b s ti tu e n ts  is  ind ica ted  by th e  a an d  3 
nom encla tu re  conform ing with the usual p rac tice  in th is  fie ld .
For macrocyclic d ie s te r a lkalo ids, th e  num bering scheme 
p ro p o se d  by  C ulvenor et al. , is u sed  ( C . C . J .  C ulvenor, D. H. G.  C ro u t, 
W. K lyne , W.P.  Mose, J . D.  Ren wick, an d  P.M.  Scopes, J . Chem. S oc. 
( C ) , 1971, 3653). For exam ple, rosm arin ine is show n.
VSUMMARY
T he w o rk  p r e s e n t e d  i n  t h i s  t h e s i s  i s  d i v i d e d  i n t o  t h r e e  s e c t i o n s :  
(a )  B i o s y n t h e s i s  o f  o t o n e c i n e ;  (b) S y n t h e s i s  o f  m a c r o c y c l i c  
p y r r o l i z i d i n e  d i e s t e r s ;  a n d  (c) S y n t h e t i c  a n a l o g u e  s t u d i e s .
(a )  B i o s y n t h e s i s  o f  O t o n e c i n e
T he b i o s y n t h e s i s  o f  o t o n e c i n e ,  t h e  b a s e  p o r t i o n  o f  t h e
p y r r o l i z i d i n e  a l k a l o i d  e m i l i n e  (A) , h a s  b e e n  s t u d i e d  i n  E m i l i a
f l a m m e a  ( f a m i l y  C o m p o s i t a e )  p l a n t s  a n d  h a i r y  r o o t  c u l t u r e s .  I t  w as 
r 14 to b s e r v e d  t h a t  1 .1 ,4 -  CJ p u t r e s c i n e  d i h y d r o c h l o r i d e  w as i n c o r p o r a t e d  i n t o
e m i l i n e  w i t h  s p e c i f i c  a c t i v i t i e s  o f  >4% f o r  h a i r y  r o o t  c u l t u r e s  a n d
r 14 i<1% f o r  p l a n t s .  T h e  i n c o r p o r a t i o n  o f  1 .1 ,9 -  CJ h o m o s p e r m i d i n e
t r i h y d r o c h l o r i d e  w i t h  c o m p a r a b l e  s p e c i f i c  i n c o r p o r a t i o n  t o  [ l , 4 ~  h ]
p u t r e s c i n e  i n d i c a t e s  t h e  c o n v e r s i o n  o f  p u t r e s c i n e  v i a  t h e  s y m m e t r i c a l
3
C ^-N -C ^ i n t e r m e d i a t e ,  h o m o s p e r m i d i n e . I n c o r p o r a t i o n  o f  H - l a b e l l e d
r e t r o n e c i n e  i n t o  e m i l i n e  i n  E . f l amm ea  h a i r y  r o o t  c u l t u r e s  i s  
i n d i c a t i v e  o f  t h e  i n t e r m e d i a c y  o f  r e t r o n e c i n e  i n  t h e  e m i l i n e  
b i o s y n t h e s i s .
T he  s t e r e o c h e m i s t r y  o f  t h e  e n z y m ic  p r o c e s s e s  o n  t h e  p a t h w a y  w as
i n v e s t i g a t e d  b y  f e e d i n g  ( R ) - [ l - ^ H ] - ,  ( R ) - [ 2 - ^ h ] -  a n d  (S _ ) - [2 - ^ h ]
p u t r e s c i n e  d i h y d r o c h l o r i d e  t o  E. f la m m ea  h a i r y  r o o t  c u l t u r e s .  T he
2
l a b e l l i n g  p a t t e r n s  o b t a i n e d  i n  e m i l i n e ,  a s  d e t e r m i n e d  b y  H n . m . r .  
s p e c t r o s c o p y ,  w e r e  c o n s i s t e n t  w i t h  t h e  f o l l o w i n g .  T he  o x i d a t i o n  o f  
p u t r e s c i n e  t o  4 - a m i n o b u t a n a l  o c c u r s  w i t h  t h e  l o s s  o f  t h e  p r o - S h y d r o g e n .  
T he  a l d e h y d e  a n d  a n o t h e r  m o l e c u l e  o f  p u t r e s c i n e  c o n d e n s e  t o  g i v e  t h e  
c o r r e s p o n d i n g  i m i n e ,  w h ic h  a f t e r  r e d u c t i o n  (on t h e  C - s i  f a c e )  a f f o r d s  
h o m o s p e r m i d i n e .  Two f u r t h e r  o x i d a t i o n s  e a c h  t a k e  p l a c e  w i t h  l o s s  o f  
t h e  p r o - 5 h y d r o g e n s  g e n e r a t i n g  t h e  d i a l d e h y d e ,  w h ic h  a f t e r  M a n n i c h - t y p e  
c y c l i s a t i o n  p r o d u c e s  l a - f o r m y l - 8 a - p y r r o l i z i d i n e . R e d u c t i o n  t o
t r a c h e l a n t h a m i d i n e  p r o c e e d s  b y  t h e  d e l i v e r y  o f  a  h y d r i d e  e q u i v a l e n t  
on  t h e  C - r e  f a c e  o f  t h e  c a r b o n y l  g r o u p .  T h e  h y d r o x y l a t i o n  a t  C -7  
i n  o t o n e c i n e  o c c u r s  w i t h  r e t e n t i o n  o f  c o n f i g u r a t i o n .
R e t r o n e c i n e  w as  shown t o  b e  an  e f f i c i e n t  p r e c u r s o r  f o r  o t o n e c i n e  
3
b i o s y n t h e s i s  u s i n g  H - l a b e l l i n g  e x p e r i m e n t s .
T he  p l a n t  A d e n o c a r p u s  d e c o r t i c a n s  w as  s h o w n ,  b y  s p e c t r o s c o p i c  
a n d  c o m p a r a t i v e  s t u d i e s ,  t o  c o n t a i n  t h e  q u i n o l i z i d i n e  a l k a l o i d ,  
s p a r t e i n e  ( B ) .
( A )  ( B )
(b) S y n t h e s i s  o f  M a c r o c y c l i c  P y r r o l i z i d i n e  D i e s t e r s
A n u m b e r  o f  o p t i c a l l y  a c t i v e  1 0 -  a n d  1 1 -m e m b e re d  d i l a c t o n e s  
c o n t a i n i n g  ( - ) - p l a t y n e c i n e  w e r e  p r e p a r e d  b y  l a c t o n i s a t i o n  v i a  
t h e  p y r i d i n e - 2 - t h i o l e s t e r s  w i t h  d i f f e r e n t  a n h y d r i d e s .  T h e s e  a r e  
t h e  f i r s t  s y n t h e t i c  m a c r o c y c l i c  p y r r o l i z i d i n e  d i e s t e r  a n a l o g u e s  w h i c h  
c o n t a i n  ( - ) - p l a t y n e c i n e .
(c )  S y n t h e t i c  A n a lo g u e  S t u d i e s
T he  d i a m i n e s  c i s  a n d  ( + ) - t r a n s - l , 2 ~ B i s ( a m i n o m e t h y l ) - c y c l o p r o p a n e  
w e r e  made f r o m  a c y c l i c  p r e c u r s o r s .  A lo n g  w i t h  c i s -  a n d  t r a n s - b u t e n -  
2 - e n e - l , 4 - d i a m i n e s , t h e s e  w i l l  b e  t e s t e d  f o r  a n t i - f u n g a l  a n d  enzym e 
i n h i b i t o r y  a c t i v i t y .
v i i
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1CHAPTER 1 
INTRODUCTION
1 .1  P y r r o l i z i d i n e  A l k a l o i d s .
T he  g r o u p  o f  n a t u r a l l y  o c c u r r i n g  c o m p o u n d s , known a s  t h e
p y r r o l i z i d i n e  a l k a l o i d s ,  h a v e  l o n g  b e e n  t h e  s u b j e c t  o f  g r e a t  i n t e r e s t .
T h e i r  w id e  d i s t r i b u t i o n  among a  n u m b e r  o f  u n r e l a t e d  p l a n t  f a m i l i e s
( e . g .  B o r a g i n a c e a e , C o m p o s i t a e  a n d  L e g u m in o s a e )  i s  o n e  n o t a b l e  
1 2f e a t u r e .  ' M ore i m p o r t a n t  i s  t h e  r e m a r k a b l e  r a n g e  o f  b i o l o g i c a l
a c t i v i t i e s  t h a t  t h e s e  n a t u r a l  p r o d u c t s  e x h i b i t ,  i n c l u d i n g  c y t o t o x i c i t y
3
a n d  c a r c i n o g e n i c i t y .  C o n s u m p t io n  o f  t h e s e  a l k a l o i d s  b y  b o t h  hum ans
a n d  a n i m a l s  h a s  b eco m e  a  m a j o r  h e a l t h  p r o b l e m .  F o r  i n s t a n c e ,  a n
o u t b r e a k  o f  v e n o - o c c l u s i v e  d i s e a s e  i n  A f g h a n i s t a n  w as  a t t r i b u t e d  t o  t h e
p r e s e n c e  o f  s e e d s  f r o m  H e l i o t r o p i u m  p o p o v i i  ( f a m .  B o r a g i n a c e a e )  i n  
4
w h e a t  f l o u r .  I r o n i c a l l y ,  s e v e r a l  h e r b a l  r e m e d i e s  a n d  t e a s  c o n t a i n
t o x i c  p y r r o l i z i d i n e  a l k a l o i d s .  E x t r a c t s  o f  b o t h  c o l t s f o o t  ( T u s s i l a g o  
f a r f a r a  f a m .  C o m p o s i t a e )  a n d  c o m f r e y  (Symphytum o f f i c i n a l e  f a m .  
B o r a g i n a c e a e )  a r e  c a r c i n o g e n i c . ^ T he t o x i c i t y  o f  t h e  a l k a l o i d s  w i l l  
b e  d i s c u s s e d  l a t e r .
T he  p y r r o l i z i d i n e  a l k a l o i d s  a r e  f o u n d  m a i n l y  i n  p l a n t s , a l t h o u g h  
som e s p e c i e s  o f  b u t t e r f l i e s  a n d  m o th s  s t o r e  t h e  a l k a l o i d s  f o r  d e f e n s i v e  
p u r p o s e s  o r  f o r  p h e r o m o n e  p r o d u c t i o n ,  a f t e r  f e e d i n g  on  t h e  p l a n t  
l e a v e s . ^
A lm o s t  a l l  o f  t h e  a l k a l o i d s  a r e  d e r i v a t i v e s  o f  1- m e t h y l  
p y r r o l i z i d i n e  (1) r a t h e r  t h a n  p y r r o l i z i d i n e  (2) i t s e l f .  H y d r o x y l a t e d  
d e r i v a t i v e s  o f  b a s e  (2) f o r m  t h e  a m i n o - a l c o h o l  c o m p o n e n t s  o f  t h e  
a l k a l o i d s  known a s  n e c i n e s .  T he  b a s e  c a n  a l s o  b e  u n s a t u r a t e d ,
t y p i c a l l y  a t  t h e  1 , 2 - p o s i t i o n s .  I n  f a c t ,  t h e  m o s t  common p y r r o l i z i d i n e
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F i g u r e  1 . Some s a t u r a t e d  p y r r o l i z i d i n e  b a s e s .
3b a s e  i s  t h e  u n s a t u r a t e d  d i o l ,  r e t r o n e c i n e  ( 3 ) .  A n u m b e r  o f  n e c i n e
s t r u c t u r e s  a r e  show n i n  F i g u r e s  1 a n d  2 .
The a l k a l o i d s  t h e m s e l v e s  a r e  m o s t l y  f o u n d  a s  e s t e r s  o r  d i e s t e r s
o f  t h e  n e c i n e  b a s e s .  T h e  e s t e r i f y i n g  a c i d s  a r e  known a s  t h e  n e c i c  
a c i d s .  F o r  i n s t a n c e ,  t h e s e  may b e  m o n o e s t e r s  s u c h  a s  e u r o p i n e  (1 5 ) ,
d i e s t e r s  s u c h  a s  e c h i m i d i n e  (16), o r  m a c r o c y c l i c  d i e s t e r s  s u c h  a s  
r e t r o r s i n e  ( 1 7 ) .  N e c i n e s  a r e  r a r e l y  i s o l a t e d  a s  f r e e  a l c o h o l s  f ro m  
p l a n t s .  A g r o u p  o f  s u b s t i t u t e d  a m in o  p y r r o l i z i d i n e s  h a s  a l s o  b e e n
i s o l a t e d ,  l o l i n e  (18)  b e i n g  a  t y p i c a l  e x a m p l e .
More i n f o r m a t i o n  on  t h e  s t r u c t u r e , s o u r c e s  a n d  p h a r m a c o l o g y  o f
7
p y r r o l i z i d i n e  a l k a l o i d s  c a n  b e  f o u n d  i n  t h e  b o o k s  b y  B u l l  e t  a l . a n d  b y  
3
M a t t o c k s .
1 . 2  M e t a b o l i s m  a n d  T o x i c i t y
The m e t a b o l i s m  o f  p y r r o l i z i d i n e  a l k a l o i d s  h a s  b e e n  show n t o  b e  
c l o s e l y  l i n k e d  t o  t h e i r  t o x i c i t y  t o w a r d s  a n i m a l  c e l l s .  T he  e v i d e n c e  
s u p p o r t s  t h e  t h e o r y  t h a t  i t  i s  n o t  t h e  a l k a l o i d s  t h e m s e l v e s  w h ic h  a r e  
t o x i c ,  b u t  t h e i r  m e t a b o l i t e s .  F o r  e x a m p l e ,  t h e  a l k a l o i d s  do  n o t  
c a u s e  l o c a l  d a m a g e ,  e i t h e r  t o  t h e  s k i n  o r  e l s e w h e r e .  A lm o s t  i n v a r i a b l y  
t h e  l i v e r  s u s t a i n s  t h e  m o s t  dam age  a f t e r  c o n t a c t  w i t h  a  t o x i c  p y r r o ­
l i z i d i n e  a l k a l o i d .  C e l l  dam age  o n  t h i s  s c a l e  m u s t  b e  d u e  t o  some 
h i g h l y  r e a c t i v e  s p e c i e s  a n d  t h e  p y r r o l i z i d i n e  a l k a l o i d s  a r e  c e r t a i n l y  
n o t  c h e m i c a l l y  r e a c t i v e .
C u l v e n o r  n o t i c e d  i n  1962 t h a t  t h e  e f f e c t s  o f  p y r r o l i z i d i n e
a l k a l o i d s  on  c e l l  n u c l e i  b o r e  some r e s e m b l a n c e  t o  t h e  e f f e c t s  o f  b i o -
0
l o g i c a l  a l k y l a t i n g  a g e n t s .  I t  w as  M a t t o c k s  who l a t e r  r e p o r t e d  t h e
m o s t  c o n v i n c i n g  e v i d e n c e  t h a t  t o x i c i t y  w as d u e  t o  p y r r o l i c  d e r i v a t i v e s
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F i g u r e  2 .  Some u n s a t u r a t e d  n e c i n e s .
o f  t h e  a l k a l o i d s .  Schem e 1 show s a  p o s s i b l e  m e t a b o l i c  r o u t e  t o
t n e  p y r r o l e  U 9 ) . M a t t o c k s  f o u n d  e v i d e n c e  f o r  t h e s e  p y r r o l i c
m a t e r i a l s  i n  t h e  l i v e r  o f  r a t s  f e d  u p o n  p y r r o l i z i d i n e  a l k a l o i d s .  He
a l s o  n o t e d  t h e i r  p r e s e n c e  i n  l a r g e  q u a n t i t i e s  i n  t h e  l u n g s .
T h e s e  p y r r o l e s ,  s u c h  a s  ( 1 9 ) ,  c a n  t h e n  a c t  a s  b i f u n c t i o n a l  
a l k y l a t i n g  a g e n t s .  A p r o c e s s  h a s  b e e n  p o s t u l a t e d  w h e r e b y  a  DNA 
m o l e c u l e  c a n  b eco m e  c o v a l e n t l y  b o u n d  t o  a  p y r r o l i z i d i n e  a l k a l o i d  
m e t a b o l i t e  (Schem e 2 ) .
O C O RR C O O
O C O RR C O O
O C O RR C O O
O C O RR C O O
( 1 9 )
Scheme 1 .
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Scheme 2 .
F o r  e x a c t l y  t h e  a b o v e  r e a s o n s ,  t h e  s a t u r a t e d  p y r r o l i z i d i n e  
a l k a l o i d s  a r e  l a r g e l y  n o n - t o x i c .  T n e y  c a n n o t  e a s i l y  b e  d e h y d r o g e n a t e d  
t o  p y r r o l i c  m a t e r i a l s  a n d ,  h e n c e ,  c a n n o t  u n d e r g o  a  p r o c e s s  s u c h  a s  
sh o w n  i n  Scheme 2 .
A v e r y  i m p o r t a n t  p r o p e r t y  o f  c e r t a i n  p y r r o l i z i d i n e  a l k a l o i d s  i s  
t h e i r  a n t i - t u m o u r  a c t i v i t y .  T he  b e s t  known e x a m p le  i s  i n d i c i n e  N - o x i d e
8(20 )  w h ic h  h a s  u n d e r g o n e  c l i n i c a l  t r i a l s  w i t h  f a v o u r a b l e  r e s u l t s . ^
I n  a d d i t i o n ,  t h i s  a l k a l o i d  show s l e s s  o f  t h e  u s u a l  p y r r o l i z i d i n e  
a l k a l o i d  t o x i c i t y .
I t  was- n o t e d  b y  S c h o e n t a l  a n d  M a t t o c k s  t h a t  t h e  n a t u r e  o f  t h e
11a l k a l o i d  a c i d  p o r t i o n  a l s o  h a d  an  e f f e c t  on  t o x i c i t y .  I t  w as l a t e r
sh o w n  t h a t  b u l k y  c a r b o n  o r  h y d r o x y  s u b s t i t u e n t s  a t  t h e  a - p o s i t i o n  o f
12t h e  a c i d  p o r t i o n s  c r e a t e  s t e r i c  h i n d r a n c e  a r o u n d  t h e  e s t e r  g r o u p s  a n d
13t h a t  t h i s  i n h i b i t s  e s t e r a s e  a c t i v i t y .  T h i s ,  i n  t u r n ,  i n c r e a s e s
13t o x i c i t y .  S u c h  o b s e r v a t i o n s  e x p l a i n  why m a c r o c y c l i c  d i e s t e r s  a r e
g e n e r a l l y  much m o re  t o x i c  t h a n  s i m p l e  d i e s t e r s .
A r e s u l t  o f  t h e  c o m p r e h e n s i v e  s t u d i e s  c a r r i e d  o u t  o n  t h e  
a l k a l o i d s  a n d  t h e i r  a n a l o g u e s  i s  t h a t  a  g e n e r a l  s t r u c t u r e  a c t i v i t y  
r e l a t i o n s h i p  h a s  b e g u n  t o  a p p e a r .  I t  seem s t h a t  f o r  a  p y r r o l i z i d i n e
a l k a l o i d  t o  b e  t o x i c ,  i t  m u s t  c o n t a i n :
1 .  An u n s a t u r a t e d  r i n g .
2 .  A t  l e a s t  o n e  h y d r o x y l  a t t a c h e d  t o  t h e  u n s a t u r a t e d  r i n g  v i a
o n e  c a r b o n  a to m .
3 .  A t  l e a s t  o n e  o f  t h e  h y d r o x y l s  s h o u l d  b e  e s t e r i f i e d .
4 .  F o r  i n c r e a s e d  t o x i c i t y ,  t h e  a c i d  p o r t i o n  s h o u l d  h a v e  a
b r a n c h e d  c h a i n .
T h i s  i s  show n g r a p h i c a l l y  i n  F i g u r e  3 .
M o d e l s  s u c h  a s  t h i s  c o n t i n u e  t o  b e  e x t e n d e d  a n d  a d a p t e d  b y  f u r t h e r  
s y n t h e t i c  a n d  b i o l o g i c a l  s t u d i e s .
( 20)
0
F i g u r e  3 .
1.3 Aims of Project
T h e  m e th o d s  b y  w h i c h  p y r r o l i z i d i n e  a l k a l o i d s  a r e  b i o s y n t h e s i s e d  
b y  p l a n t  s y s t e m s  i s  a  s u b j e c t  o f  g r e a t  i n t e r e s t  a n d  i m p o r t a n c e .  I t  
i s  know n t h a t  t h e  b a s e  p o r t i o n s  a r e  d e r i v e d  f ro m  t h e  am in o  a c i d  
o r n i t h i n e  (21) \  b u t  t h e r e  i s  a  l a c k  o f  d e t a i l e d  w ork  on  m o s t  o f  t h e  
n e c i n e s .  I n  f a c t ,  o n l y  r e t r o n e c i n e  b i o s y n t h e s i s  h a s  b e e n  s t u d i e d  
i n  a n y  g r e a t  d e t a i l .  A r e v i e w  o f  t h e  p y r r o l i z i d i n e  a l k a l o i d
b i o s y n t h e t i c  a r e a  i s  g i v e n  i n  C h a p t e r  2 .
To e x t e n d  t h e  a v a i l a b l e  k n o w l e d g e ,  i t  w as d e c i d e d  t o  m ake t h e  
b a s e  o t o n e c i n e  (14) t h e  s u b j e c t  o f  a  m ore  d e t a i l e d  b i o s y n t h e t i c  s t u d y .  
T h i s  d i o l  (14) i s  t h e  b a s e  p o r t i o n  o f  t h e  a l k a l o i d  e m i l i n e  ( 2 2 ) ,  a n d  
p r e s u m a b l y  d e r i v e s  f r o m  o r n i t h i n e  ( 2 1 ) ,  v i a  p u t r e s c i n e  ( 2 3 ) .  The 
r e s u l t s  o f  t h e  i n v e s t i g a t i o n  a r e  g i v e n  i n  C h a p t e r  5 .
T h e r e  i s ,  i n  c o n t r a s t ,  a  g r e a t  d e a l  o f  w o rk  a v a i l a b l e  o n  t h e  
c h e m i c a l  s y n t h e s i s  o f  p y r r o l i z i d i n e  b a s e s  ( C h a p t e r  3 ) .  F o r  t h i s  w ork  
d i o l s  (24)  a n d  (25) w e r e  c h o s e n .  The r e a s o n s  f o r  t h e i r  s e l e c t i o n  a n d  
t h e  o u tc o m e  o f  t h e  e f f o r t  i s  g i v e n  i n  C h a p t e r  6 .
T h e  s y n t h e t i c  p r o b l e m s  i n  c o n s t r u c t i n g  t h e  m a c r o c y c l i c  d i e s t e r s  
o f  p y r r o l i z i d i n e  b a s e s  h a v e  r e c e i v e d  l i t t l e  a t t e n t i o n .  T h i s  a r e a  i s  
r e v i e w e d  i n  C h a p t e r  4 .  S u c h  a  p o s i t i o n  i s  s u r p r i s i n g  g i v e n  t h e  
t o x i c i t y  a n d  o t h e r  b i o l o g i c a l  a c t i v i t i e s  o f  t h e  n a t u r a l  m a c r o c y c l i c  
c o m p o u n d s .  To h e l p  t o  re m e d y  t h i s ,  a  s e t  o f  new m a c r o c y c l i c  e s t e r s  
o f  t h e  d i o l  p l a t y n e c i n e  (8) w as  p r o d u c e d .  T h i s  i s  d i s c u s s e d  i n
C h a p t e r  8 .
F i n a l l y ,  a n a l o g u e s  o f  p y r r o l i z i d i n e  a l k a l o i d  p r e c u r s o r s  a r e  a 
u s e f u l  t o o l  i n  t h e  i n v e s t i g a t i o n  o f  b i o l o g i c a l  p a t h w a y s  a n d  may b e
11
u s e f u l  a s  b i o l o g i c a l l y  a c t i v e  m o l e c u l e s  i n  t h e i r  own r i g h t .  T he
s y n t h e s i s  o f  some s u c h  com pounds  i s  d e s c r i b e d  i n  C h a p t e r  7 .
( 22 )
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CHAPTER 2
THE BIOSYNTHESIS OF PYRROLIZIDINE ALKALOIDS.
2 . 1  T h e  B i o s y n t h e s i s  o f  P y r r o l i z i d i n e  B a s e s .
I t  w as  S i r  R o b e r t  R o b in s o n  who f i r s t  s u g g e s t e d  t h a t  t h e  p y r r o l i z i d i n e
14r i n g  i s  d e r i v e d  f r o m  t h e  c o n d e n s a t i o n  o f  tw o  o r n i t h i n e  (2\) r e s i d u e s .
T h i s  w a s  l a t e r  s u p p o r t e d  b y  t h e  w o rk  o f  N o w ack i  a n d  B y e r r u m ,  who f e d
[ 2 - ^ ^ c ]  o r n i t h i n e ,  [ l - ^ c ]  a c e t a t e  a n d  [ l - ^ C ]  p r o p i o n a t e  t o  C r o t a l a r i a
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s p e c t a b i l i s  w h i c h  p r o d u c e s  m o n o c r o t a l i n e  (25) . As w i t h  a l l  o f  t h e
e a r l y  l a b e l l i n g  e x p e r i m e n t s ,  t h e  a l k a l o i d  w as i s o l a t e d  a n d  t h e  l o c a t i o n  o f  
t h e  r a d i o i s o t o p e  w as  e s t a b l i s h e d  a f t e r  h y d r o l y s i s .  T h e y  fo u n d  t h a t  t h e  
o r n i t h i n e  g a v e  r i s e  t o  l a b e l  m a i n l y  i n  t h e  r e t r o n e c i n e  m o i e t y ,  w h e r e a s  
t h e  o t h e r  tw o  p r e c u r s o r s  r e s u l t e d  i n  a  l a b e l l e d  n e c i c  a c i d  p o r t i o n .
B o t t o m l e y  a n d  G e i s s m a n ,  i n  196 3  r e p o r t e d  t h e  r e s u l t s  t h a t  t h e y
r 14 n r 14 io b t a i n e d  b y  f e e d i n g  L I , 4 -  Cj  p u t r e s c i n e  ( 2 7 ) ,  L2-  C J o m i t h i n e  a n d
[ 5 - 14c ] o r n i t h i n e  t o  S e n e c i o  d o u g l a s i i  • ^  T he  a l k a l o i d s  i n  t h i s  p l a n t
a r e  a l l  e s t e r s  o f  r e t r o n e c i n e  (3) . A f t e r  f e e d i n g ,  t h e  p l a n t s  w e re
14
e x t r a c t e d  a n d  t h e  a l k a l o i d  m i x t u r e  p r o d u c e d  w as  h y d r o l y s e d  t o  g i v e  C -  
l a b e l l e d  r e t r o n e c i n e .  T a b l e  1 sh o w s  t h e  a m o u n ts  o f  r a d i o l a b e l  p r e s e n t
i n  t h e  r e t r o n e c i n e  a f t e r  e a c h  e x p e r i m e n t .
T a b l e  1 : I n c o r p o r a t i o n  o f  R a d i o a c t i v e  P r e c u r s o r s  i n t o  t h e  A l k a l o i d s  o f  
S e n e c i o  d o u g l a s i i .
P r e c u r s o r T o t a l  i n c o r p o r a t i o n  
i n t o  a l k a l o i d .
(%)
P e r c e n t a g e  o f  t o t a l  
a c t i v i t y  fo u n d  i n :  
A c i d s .  R e t r o n e c i n e .
[ 1 , 4 - ^ c ]  - p u t r e s c i n e 0 . 1 8 5 . 0 98
[ 2 - ] - o r n i t h i n e 0 .  30 1 . 4 94
[ 5 - ^ ^ C ] - o r n i t h i n e 0 .  75 2 . 4 94
XT ^ m ^ . . T o t a l  r a d i o a c t i v i t y  m  a l k a l o i d
N o t e :  T o t a l  i n c o r p o r a t i o n  = ( j^ —-—=i------ ^ — n  :  x  10°)  *^ T o t a l  r a d i o a c t i v i t y  m  p r e c u r s o r
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T h i s  c o n f i r m s  t h e  r e s u l t s  o f  N ow ack i a n d  B y e r r u m ^ , t h a t
o r n i t h i n e  i s  i n c o r p o r a t e d  i n t o  r e t r o n e c i n e .  I n  o r d e r  t o  i d e n t i f y
t h e  l a b e l l e d  p o s i t i o n s ,  B o t t o m l e y  a n d  G e i s s m a n  d e g r a d e d  t h e i r  
r e t r o n e c i n e  s a m p le s  u s i n g  osm ium  t e t r o x i d e ,  f o l l o w e d  b y  s o d iu m
n e c i n e  a s  f o r m a l d e h y d e  w h ic h  w as  t r a p p e d  i n  i t s  d im e d o n e  d e r i v a t i v e .  
The a c t i v i t y  f o u n d  i n  e a c h  o f  t h e  f o r m a l d e h y d e  d im e d o n e  s a m p l e s  w as  
f o u n d  t o  b e  a  q u a r t e r  o f  t h a t  o f  t h e  e n t i r e  r e t r o n e c i n e  s a m p l e .
T h a t  i s  t o  s a y  t h a t  t h e  C -2  a n d  C -5  o f  a t  l e a s t  o n e  o f  t h e  o r n i t h i n e
(21)  u n i t s  b ecom e e q u i v a l e n t .
Work r e p o r t e d  b y  R o b i n s  a n d  S w een ey  i n  1979 sh o w ed  t h a t  i n
a d d i t i o n  t o  o r n i t h i n e  (21) a n d  p u t r e s c i n e  (2.3) , t h e  com pounds
a r g i n i n e  ( 2 8 ) ,  s p e r m i d i n e  (29)  a n d  s p e r m i n e  (30) a r e  g o o d  p r e c u r s o r s
17f o r  r e t r o n e c i n e  (3) i n  S .  i s a t i d e u s . T h i s  p l a n t  p r o d u c e s  t h e
r e t r o n e c i n e  d e r i v e d  a l k a l o i d  r e t r o r s i n e ( 1 7 ) .  The r e s u l t s  o f  t h e s e
e x p e r i m e n t s  a r e  shown i n  T a b l e  2 .  C l e a r l y  p u t r e s c i n e  (23)  i s  a
b e t t e r  p r e c u r s o r  f o r  r e t r o n e c i n e  t h a n  o r n i t h i n e  ( 2 1 ) ,  s u p p o r t i n g  t h e
18t h e o r y  o f  G e is s m a n  a n d  C r o u t  t h a t  p u t r e s c i n e  com es a f t e r  o r n i t h i n e
i n  r e t r o n e c i n e  b i o s y n t h e s i s .  The d e g r a d a t i v e  s e q u e n c e  f o r  r e t r o ­
n e c i n e  (4) w as  e x t e n d e d  b y  R o b i n s  a n d  S w een ey  u s i n g  a  m o d i f i e d
p e r i o d a t e ,  Scheme 3 .  T h i s  i s o l a t e d  t h e  -CH^OH g r o u p  o f  r e t r o -
c o 2 h
H
( 2  9 ) (28)
(30) H2N(CH2 ) 3n h (c h 2 ) 4n h (c h 2 ) 3n h 2
(17)
B a ( O H ) 2
6
(31)
Schem e 4 .
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19K u h n - R o th  o x i d a t i o n .  T h i s  p r o c e d u r e  g a v e  3 - a l a n i n e  (31)
( i s o l a t e d  a s  i t s  2 , 4 - d i n i t r o p h e n y l  d e r i v a t i v e )  c o n t a i n i n g  c a r b o n  
a t o m s  C - 5 ,  0 6  a n d  0 7  f ro m  r e t r o n e c i n e .  D e g r a d a t i o n  o f  e a c h
T a b l e  2 : I n c o r p o r a t i o n  o f  P r e c u r s o r s  i n t o  R e t r o r s i n e  (17) i n  
S .  i s a t i d e u s .
E x p t . P r e c u r s o r T o t a l  % 
I n c o r p o r a t i o n
% R a d i o a c t i v i t y  i n  
A c id  B a s e
1 r 14 n L -L U - C J a r g i n i n e 0 . 4 6 6 99
2 D L-[ 2 - ^ c ]  o r n i t h i n e 0 . 2 5 5 97
3 [ 1 , 4 - ^ C ]  p u t r e s c i n e 1 . 6 1 9 4
4 [ 1 , 4 - ^ C - t e t r a m e t h y l e n e ]  
s p e r m i n e
5 . 2 1 103
5 [ 1 ,  4 - ^ C - t e t r a m e t h y l e n e  ] 
s p e r m i d i n e
2 . 0
- --------------
1 95
o f  t h e  r e t r o n e c i n e  s a m p l e s  i n  e x p e r i m e n t s  1 - 5  g a v e  3 - a l a n i n e
14 . .c o n t a i n i n g  b e t w e e n  22 a n d  25% o f  t h e  t o t a l  C b a s e  a c t i v i t y .  I n  
p a r t i c u l a r ,  t h e  r e s u l t  o f  e x p e r i m e n t  2 sh o w ed  t h a t  t h e  0 2  a n d  C -5  
p o s i t i o n s  o f  o r n i t h i n e  (21) b eco m e  e q u i v a l e n t  i n  t h e  f o r m a t i o n  o f  
t h e  A r i n g  o f  r e t r o n e c i n e  (3) . I t  w as s u g g e s t e d  t h a t  a  C ^-N -C ^
s y m m e t r i c a l  i n t e r m e d i a t e  c o u l d  b e  f o r m e d  f ro m  tw o m o l e c u l e s  o f  
p u t r e s c i n e  ( 2 3 ) .
T h e  m a in  d i f f i c u l t y  a t  t h i s  p o i n t  w as t h e  a b s e n c e  o f  o t h e r
m e t h o d s  f o r  i d e n t i f y i n g  t h e  p o s i t i o n s  o f  l a b e l l e d  a to m s  w i t h i n  t h e
b a s e  p o r t i o n  o f  t h e  a l k a l o i d s .  T h i s  p r o b l e m  w as l a r g e l y  s o l v e d
13w i t h  t h e  u s e  o f  C n u c l e a r  m a g n e t i c  r e s o n a n c e  ( n . m . r )  s p e c t r o s c o p y  
a n d  t h e  f a c t  t h a t  l a r g e  e n o u g h  i n c o r p o r a t i o n s  o f  l a b e l l e d  p r e c u r s o r s
18
c o u l d  b e  o b t a i n e d  i n  c e r t a i n  p l a n t  s p e c i e s .
13The f i r s t  m a j o r  r e p o r t  o n  t h e  i n c o r p o r a t i o n  o f  C - l a b e l l e d
p r e c u r s o r s  came f ro m  Khan a n d  R o b in s  i n  1 9 8 1 .  T h e y  f e d  two
13 13p r e c u r s o r s ,  [ l , 4 -  C2 ] p u t r e s c i n e  (32) a n d  [ 2 , 3 -  C ^ j p u t r e s c i n e  (33)
t o  S .  i s a t i d e u s  a n d  e x a m in e d  t h e  r e t r o n e c i n e  d e r i v e d  f ro m  th em  b y
13 13C n . m . r .  s p e c t r o s c o p y .  Scheme 5 show s how [ 1 , 4 -  C ^ J p u t r e s c i n e
(32) w as  m a d e .  R e a c t i o n  o f  1 , 2 - d i b r o m o e t h a n e  w i t h  p o t a s s i u m
13 13[ c ] c y a n i d e  g a v e  [ 1 , 4 -  C ^ ] s u c c i n o n i t r i l e . R e d u c t i o n  f o l l o w e d
13b y  a c i d i f i c a t i o n  g a v e  [ 1 , 4 -  C ^ j p u t r e s c i n e  (32) d i h y d r o c h l o r i d e .
I s o l a t i o n  o f  r e t r o r s i n e  (17) f ro m  S .  i s a t i d e u s  p l a n t s  f e d
13
w i t h  p r e c u r s o r  (32) , f o l l o w e d  b y  h y d r o l y s i s  g a v e  a  s a m p le  o f  C -
13l a b e l l e d  r e t r o n e c i n e .  The p r o t o n  d e c o u p l e d  C n . m . r  s p e c t r u m  
13 1[ C -{  H} n . m . r  s p e c t r u m ]  show ed  e n r i c h e d  s i g n a l s  f o r  C - 3 ,  C - 5 ,
C -8  a n d  C -9  o f  r e t r o n e c i n e  (Scheme 6 ) .
13T h e  p r e c u r s o r  [ 2 , 3 -  C ^ J p u t r e s c i n e  (33) w as  made i n  an
13a n a l a g o u s  f a s h i o n  t o  p r e c u r s o r  (32) , u s i n g  [ l , 2 -  C ^ ] - 1 , 2 - d ib r o m o
e t h a n e  (Schem e 5 b ) . R e t r o n e c i n e  w as e x t r a c t e d  f r o m  S .  i s a t i d e u s
13 1
f e d  w i t h  t h i s  l a b e l l e d  m a t e r i a l  (33) . The C -{  H} n . m . r  s p e c t r u m
sh o w e d  a  p a i r  o f  d o u b l e t s  ( J  71 Hz) f o r  C - l  a n d  C -2  a n d  a  p a i r  o f  
d o u b l e t s  (jJ 34 Hz) f o r  C -6  a n d  C -7  o f  r e t r o n e c i n e  (Schem e 6) .
I n  b o t h  e x p e r i m e n t s ,  e q u a l  e n r i c h m e n t  w as  o b s e r v e d  f o r  t h e  
f o u r  l a b e l l e d  s i t e s .  T h e s e  l a b e l l i n g  p a t t e r n s  a r e  c o n s i s t e n t
w i t h  t h e  f o r m a t i o n  o f  a  l a t e r  i n t e r m e d i a t e  i n  r e t r o n e c i n e
b i o s y n t h e s i s .
I n  a n o t h e r  r e p o r t ,  R o b in s  made a n d  f e d  [ 1 , 2 - " ^ C 2 ] p u t r e s c i n e  
20(34)  t o  S .  i s a t i d e u s . T r e a t m e n t  o f  t h e  s o d iu m  d e r i v a t i v e  o f
BrCH 2C H2Br — — - — -  N 13CCH2CH213CN
1) bh3
-------------------  K2Ni:'CH2CH2CH2,;’CH2NH2
2) HCl -2HCI
(32)
Scheme 5a
Br13CH213CH2Br -------------  NC13CH213CH2CN
BH3 -  H2NCH213CH213CH2CH2NH2
2) HCl .2HCI , x
(33)
Scheme 5b
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nh2
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nh2 nh2
NH
13C single label
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13e t h y l c y a n o a c e t a t e  w i t h  [ l , 2 ^  C ^ ] - l - b r o m o - 2 - p h t h a l i m i d o  e t h a n e  (35)
g a v e  t h e  a d d u c t  ( 3 6 ) .  R em ova l o f  t h e  e t h o x y c a r b o n y l  g r o u p  u s i n g  
N aC l i n  D M S O /w ate r ,  f o l l o w e d  b y  h y d r o g e n a t i o n  a n d  a c i d i c  h y d r o l y s i s  
g a v e  t h e  " ^ C - l a b e l l e d  p u t r e s c i n e  (34) (Schem e 7) , The ^ C - { ^ H }  
n . m . r  s p e c t r u m  o f  t h e  r e t r o n e c i n e  d e r i v e d  f ro m  t h i s  e x p e r i m e n t  
sh o w e d  e i g h t  d o u b l e t s  w i t h  f o u r  p a i r s  o f  c o u p l i n g  c o n s t a n t s  w i t h  t h e  
d i s t i n c t i v e  l a b e l l i n g  p a t t e r n  show n i n  Schem e 7 .  (The n a t u r a l  
a b u n d a n c e  s i n g l e t  s i g n a l s  w e re  a l s o  p r e s e n t ) . T h i s  r e i n f o r c e d  t h e  
i d e a  o f  a  l a t e r  s y m m e t r i c a l  i n t e r m e d i a t e ,  b e c a u s e  e a c h  o f  t h e  
d o u b l e t s  h a d  e q u a l  i n t e n s i t y .
The k e y  e x p e r im e n t  i n  p r o v in g  t h e  i n v o lv e m e n t  o f  t h e
s y m m e t r i c a l  l a t e r  i n t e r m e d i a t e  came i n  i n d e p e n d e n t  r e p o r t s  f ro m
21 22 G r u e - S ^ r e n s e n  a n d  S p e n s e r  a n d  Khan a n d  R o b i n s .  The f i r s t
15 13g r o u p  made [ 1 - a m i n o -  N, 1 -  C ] p u t r e s c i n e  (37) a n d  a d m i n i s t e r e d  i t
t o  S e n e c i o  v u l g a r i s , a  p l a n t  w h ic h  p r o d u c e s  s e v e r a l  r e t r o n e c i n e  (3)
b a s e d  a l k a l o i d s .  T he p r e c u r s o r  w a s s y n t h e s i s e d  b y  t r e a t m e n t
13 15o f  N - ( 3 ^ b r o m o p r o p y l ) p h t h a l i m i d e  (38) w i t h  p o t a s s i u m  [ C , n ]
c y a n i d e ,  w i t h  s u b s e q u e n t  R an ey  n i c k e l  r e d u c t i o n  an d  a c i d i c  h y d r o l y s i s
(S ch em e 8 ) .  A f t e r  e x t r a c t i o n  o f  t h e  a l k a l o i d s  an d  h y d r o l y s i s  t o
o b t a i n  t h e  r e t r o n e c i n e  b a s e  p o r t i o n ,  t h e  p o s i t i o n s  o f  t h e  l a b e l s
13 1
w e r e  e x a m in e d  u s i n g  t h e  C -{  H} n . m . r  s p e c t r u m . T h e r e  w e r e
f o u r  e q u a l l y  e n r i c h e d  s i g n a l s  d u e  t o  l a b e l s  a t  C - 3 ,  C - 5 ,  C -8
a n d  C - 9 .  H o w e v e r ,  t h e  p r e s e n c e  o f  c o u p l i n g  w i t h i n  t h e  s i g n a l s
w as  t h e  i m p o r t a n t  f e a t u r e .  From  t h e  d i f f e r e n c e  s p e c t r u m  ( t h a t
i s ,  t h e  s p e c t r u m  m in u s  t h e  n a t u r a l  a b u n d a n c e  s p e c t r u m )  i t  w as
c l e a r  t h a t  e a c h  o f  t h e  s i g n a l s  d u e  t o  C -3  a n d  C -5  c o n s i s t e d  o f  a
d o u b l e t  s u p e r i m p o s e d  on  a  s i n g l e t .  The d o u b l e t s ,  b o t h  o f  e q u a l
13 15
i n t e n s i t y ,  w e r e  d u e t o  C - N s p e c i e s  w h i l e  t h e  s i n g l e t s  w e r e  d u e
22
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t o  C - N s p e c i e s .  The f o r m a t i o n  o f  e q u a l  a m o u n ts  o f  t h e
tw o  l a b e l l e d  s p e c i e s  (39) a n d  (40) i s  s t r o n g  s u p p o r t  f o r  a  l a t e r
C -N -C  . i n t e r m e d i a t e ,4 4
S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  b y  Khan a n d  R o b i n s ,  b u t  t h e y
w e n t  a  s t e p  f u r t h e r  a n d  i d e n t i f i e d  t h i s  l a t e r  i n t e r m e d i a t e  a s
22N - ( 4 - a m i n o b u t y l ) - 1 , 4 - d i a m i n o b u t a n e  (41) ( h o m o s p e r m i d i n e ) . T h i s
23t r i a m i n e  i s  a  know n p l a n t  c o n s t i t u e n t  b u t  i t s  i n v o l v e m e n t ,  a l t h o u g h
s p e c u l a t e d ,  h a d  y e t  t o  b e  p r o v e n .  T h e s e  w o r k e r s  d i d  t h i s  u s i n g
14a  C - l a b e l l e d  h o m o s p e r m id in e  i n  a  f e e d i n g  e x p e r i m e n t .  They  made
t h e  p r e c u r s o r  b y  f i r s t  c o n d e n s i n g  t h e  N - b e n z y l o x y c a r b o n y l  d e r i v a t i v e
o f  4 - a m i n o b u t a n o i c  a c i d  w i t h  3 - b r o m o p r o p y l a m i n e . T r e a t m e n t  o f  t h e
a m id e  w i t h  p o t a s s i u m  [ ^ c ] c y a n i d e  f o l l o w e d  b y  h y d r o g e n a t i o n  a n d
r e d u c t i o n  g a v e  [ 1 ,  9 - ^ c ]  h o m o s p e r m id in e  (42) a s  i t s  t r i h y d r o c h l o r i d e
(Scheme 9 ) .  When t h i s  w as f e d  t o  S .  i s a t i d e u s ,  t h e  r e t r o n e c i n e
14e x t r a c t e d  w as  C l a b e l l e d .  T r e a t m e n t  o f  t h e  s a m p le  w i t h  OsO^-
N alO ^ g a v e  f o r m a l d e h y d e  ( t r a p p e d  a s  i t s  d im e d o n e  d e r i v a t i v e )  
c o n t a i n i n g  44% o f  t h e  r e t r o n e c i n e  a c t i v i t y .  M o d i f i e d  K u h n -R o th
o x i d a t i o n  g a v e  3 - a l a n i n e  (31) ( i s o l a t e d  a s  i t s  2 , 4 - d i n i t r o p h e n y l  
d e r i v a t i v e )  w i t h  2% o f  t h e  r e t r o n e c i n e  a c t i v i t y .  T h e s e  r e s u l t s
im p l y  i n t a c t  i n c o r p o r a t i o n  o f  t h e  h o m o s p e r m id in e  (41) i n t o  r e t r o ­
n e c i n e  (3) . An i n t e r m e d i a t e  t r a p p i n g  e x p e r i m e n t  c o n f i r m e d  t h a t  
h o m o s p e r m id in e  (41) i s  p r o b a b l y  a  n o rm a l  i n t e r m e d i a t e  i n  r e t r o n e c i n e  
(3) b i o s y n t h e s i s .
The c o m p l e t e  l a b e l l i n g  p a t t e r n  f o r  r e t r o n e c i n e  (3) was
13r e p o r t e d  b y  R a n a  a n d  R o b i n s ,  who made a n d  f e d  [ 1 , 9 -  C ^ ]h o m o s p e rm -
24i d i n e  (43) t o  S .  i s a t i d e u s . The p r e c u r s o r  (43) w as  p r e p a r e d  b y
13t h e  r e a c t i o n  o f  tw o  e q u i v a l e n t s  o f  4 - c h l o r o [ l -  c j b u t a n e n i t r i l e  w i t h  
b e n z y l a m i n e  f o l l o w e d  b y  c a t a l y t i c  r e d u c t i o n  (Schem e 1 0 ) .  A f t e r
PhCH2OCONH (CH ) 3CCX)H
1 ) c h 2 c h 2 c h 2n h 2
 — ------------------►  PhCH9OCONH(CH ) CONH(CH )
2) K CN 3
P t° 2 /H 2
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3) HC1
N'
2
N
H
(42)
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.N
y -
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f e e d i n g  t h e  p l a n t s  w e r e  e x t r a c t e d  g i v i n g  r e t r o r s i n e  (17) w h ic h  w as
13t h e n  h y d r o l y s e d  t o  y i e l d  a  s a m p le  o f  C - l a b e l l e d  r e t r o n e c i n e .
The i m p o r t a n t  f e a t u r e  o f  t h e  ^C— { }  n . m . r  s p e c t r u m  w as  t h e  p r e s e n c e
o f  tw o  d o u b l e t  s i g n a l s  ( J  6 Hz) s u r r o u n d i n g  t h e  n a t u r a l  a b u n d a n c e
13 13s i n g l e t  s i g n a l s .  T h i s  o b s e r v a t i o n  w as d u e  t o  a  g e m i n a l  C -  C
c o u p l i n g  b e t w e e n  t h e  C -8  a n d  C-9 n u c l e i . T h i s  w as  f u r t h e r
e v i d e n c e  t o  s u p p o r t  t h e  i n t a c t  i n c o r p o r a t i o n  o f  h o m o s p e r m i d i n e  (41) 
i n t o  r e t r o n e c i n e .
13K e l l y  a n d  R o b i n s  r e c e n t l y  r e p o r t e d  t h e  u s e  o f  C - l a b e l l e d
p r e c u r s o r s  i n  t h e  e l u c i d a t i o n  o f  t h e  b i o s y n t h e t i c  p a t h w a y  t o
25r o s m a r i n i n e  ( 4 4 ) ,  p r o d u c e d  b y  S e n e c i o  p l e i s t o c e p h a l u s . T h e y  f e d
13 13[ l -  C ] p u t r e s c i n e  (45) a n d  [ 2 , 3 -  C ^ l p u t r e s c i n e  (33) t o
S .  p l e i s t o c e p h a l u s  a n d  e x a m in e d  t h e  l a b e l l i n g  p a t t e r n s  o f  t h e
d e r i v e d  r o s m a r i n i n e  (44) b y  n . m . r  s p e c t r o s c o p y .  P r e c u r s o r  (45)
w as  made b y  t h e  r e a c t i o n  o f  N - ( 3 - b r o m o p r o p y l ) p h t h a l i m i d e  (38)  w i t h  
13s o d iu m  [ C ] c y a n i d e ,  f o l l o w e d  b y  h y d r o g e n a t i o n  a n d  a c i d i c  h y d r o l y s i s .
T he r e s u l t  o f  f e e d i n g  p r e c u r s o r  (45) w as t h e  o b s e r v a t i o n  o f  e q u a l
13 1e n r i c h m e n t s  o f  t h e  s i g n a l s  i n  t h e  C-{ H> n . m . r  s p e c t r u m  f o r  C - 3 ,
C - 5 ,  C -8  a n d  C - 9 .  F e e d i n g  t h e  d o u b l y  l a b e l l e d  p r e c u r s o r  (33)
13 1
p r o d u c e d  a  s i m i l a r  r e s u l t  t o  t h a t  f o r  r e t r o n e c i n e  ( 3 ) .  The C-{ H}
n . m . r  s p e c t r u m  f o r  t h e  d e r i v e d  r o s m a r i n i n e  sh o w e d  tw o  e q u a l l y  e n r i c h e d  
p a i r s  o f  d o u b l e t s  c o r r e s p o n d i n g  t o  C - l  a n d  C -2  ( J  3 5 .2  Hz) a n d  C -6  
a n d  C - l  ( J  3 5 .5  H z ) .
15 13
T h e s e  w o r k e r s  a l s o  f e d  t h e  d o u b l y  l a b e l l e d  [ 1 - a m i n o -  N , l -  c]
p u t r e s c i n e  ( 3 7 ) .  A f t e r  e x t r a c t i o n  o f  t h e  d e r i v e d  r o s m a r i n i n e ,  t h e
13 1C-{ H} n . m . r  s p e c t r u m  sh o w ed  tw o e q u a l l y  i n t e n s e  d o u b l e t s  w i t h  
d i f f e r e n t  c o u p l i n g  c o n s t a n t s  a r o u n d  t h e  C -3  a n d  C -5  e n r i c h e d  s i g n a l s .
27
S u c h  an  o b s e r v a t i o n  i s  c o n s i s t e n t  w i t h  t h e  p r e s e n c e  o f  t h e
s y m m e t r i c a l  i n t e r m e d i a t e  (h o m o s p e r m id in e  (4 1 ) )  i n  t h e  b i o s y n t h e t i c
13p a t h w a y .  To c o n f i r m  t h i s ,  t h e y  w e n t  on  t o  f e e d  [ 1 , 9 -  C^] homo­
s p e r m i d i n e  ( 4 3 ) .  The l a b e l l e d  r o s m a r i n i n e  p r o d u c e d  show ed  
13 1e n r i c h e d  C-{ H} n . m . r  s p e c t r a l  s i g n a l s  o n l y  f o r  t h e  C -8  a n d  C-9 
p o s i t i o n s .  I n  t h i s  c a s e  t h e  g e m i n a l  c o u p l i n g  c o n s t a n t  i s  z e r o .
I t  s eem s  c l e a r  t h a t  t h e  b i o s y n t h e s i s  o f  r o s m a r i n i n e  (44) a l s o  t a k e s  
p l a c e  f ro m  tw o  m o l e c u l e s  o f  p u t r e s c i n e  (23) v i a  h o m o s p e r m id in e  (41) .
The n e x t  m a j o r  q u e s t i o n  w as  how c o u l d  h o m o s p e r m i d i n e  (41) b e  
c o n v e r t e d  i n t o  p y r r o l i z i d i n e  a l k a l o i d s .  I t  w as  know n t h a t  d ia m in e  
o x i d a s e  e n z y m e s  c o u l d  o x i d i s e  am in o  g r o u p s ,  s u c h  a s  t h o s e  i n  t r i a m i n e  
( 4 1 ) .  I t  w as p o s s i b l e  t h a t  t h e  d i a l d e h y d e  (46) s o  fo r m e d  c o u l d
c y c l i s e  t o  t h e  i m i n i u m  s p e c i e s  (47) a n d  t h e n  c y c l i s e  a g a i n  t o  g i v e  
t h e  s t e r e o i s o m e r i c  1 - f o r m y l p y r r o l i z i d i n e s  (48) (Schem e 1 1 ) .
B i o l o g i c a l  r e d u c t i o n  o f  t h e s e  a l d e h y d e s  (48) c o u l d  y i e l d  1 - h y d r o x y -  
m e t h y l  p y r r o l i z i d i n e s  ( 4 9 ) ,  w h ic h  a r e  known c o m p o u n d s .
The f i r s t  e v i d e n c e  i n  s u p p o r t  o f  t h i s  came f r o m  R o b in s  i n
261 9 8 2 .  He s u c c e s s f u l l y  c o n v e r t e d  h o m o s p e r m id in e  (41) i n t o
(_+) - t r a c h e l a n t h a m i . d i n e  (6) u s i n g  d i a m i n e  o x i d a s e  a n d  a l c o h o l  
d e h y d r o g e n a s e  e n z y m e s  u n d e r  p h y s i o l o g i c a l  c o n d i t i o n s .  A l s o ,  R ana  
a n d  L e e t e  r e p o r t e d  t h e  i n c o r p o r a t i o n  o f  ( + ) - [  3 , 5 - ^ C ]  t r a c h e  l a n  t h a m i d i n e
3
(50) a n d  ( + ) - [ 5 -  H ] i s o r e t r o n e c a n o l  (51) i n t o  r i d d e l l i n e  (52) i n  
27S e n e c i o  r i d d e l l i  . T hey  n o t e d  t h a t  ( + ) - t r a c h e l a n t h a m i d i n e  (6)
w as  a  b e t t e r  p r e c u r s o r  f o r  t h e  r e t r o n e c i n e  (3) p o r t i o n  o f  r i d d e l l i n e  
(52) t h a n  (+) - i s o r e t r o n e c a n o l  ( 5 ) .
3
I n  s i m i l a r  e x p e r i m e n t s ,  K unec  a n d  R o b in s  f e d  ( + ) - [ 5 -  H]
3
t r a c h e l a n t h a m i d i n e  (50) a n d  ( + ) - [ 5 -  h ] i s o r e t r o n e c a n o l  (51) t o
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S .  i s a t i d e u s  a n d  S .  p l e i s t o c e p h a l u s .  T h e s e  tw o  p r e c u r s o r s
29w e r e  made b y  t h e  m e th o d  o f  P i z z o r n o  a n d  A l b o n i c o  ( s e e  C h a p t e r  3
3
f o r  f u r t h e r  d e t a i l s ) ,  s t a r t i n g  f ro m  N - f o r m y l - [ 5 -  H ] - L - p r o l i n e .
I t  w as  show n t h a t  t r a c h e l a n t h a m i d i n e  i s  a  m uch b e t t e r  p r e c u r s o r  
f o r  r e t r o r s i n e  b i o s y n t h e s i s ,  b y  some 20 t i m e s ,  t h a n  i s o r e t r o n e c a n o l .  
C o n v e r s e l y ,  i s o r e t r o n e c a n o l  i s  i n c o r p o r a t e d  i n t o  r o s m a r i n i n e  m ore  
t h a n  34 t i m e s  m ore  e f f i c i e n t l y  t h a n  i s  t r a c h e l a n t h a m i d i n e .
The l a s t  r e s u l t s  i n d i c a t e  t h a t  t r a c h e l a n t h a m i d i n e  i s  a  
p r e c u r s o r  f o r  r e t r o n e c i n e  (3) w h i l e  i s o r e t r o n e c a n o l  i s  a  p r e c u r s o r  
f o r  r o s m a r i n i n e  ( 4 4 ) .
I n  a l l  o f  t h e  p r e v i o u s  r e p o r t s ,  n o  m e n t i o n  w as  made o f  t h e
a b s o l u t e  s t e r e o c h e m i s t r y  o f  t h e  p r o c e s s e s  i n v o l v e d .  I t  w as n o t
u n t i l  R o b i n s  a n d  S w eeney  show ed  t h a t  r e t r o n e c i n e  (3) i n  S .  i s a t i d e u s
30i s  d e r i v e d  f ro m  L - o r n i t h i n e  o n l y ,  t h a t  t h i s  c h a n g e d .
The b e s t  way t o  o b t a i n  t h e  s t e r e o c h e m i c a l  d e t a i l s  o f  t h e
b i o s y n t h e t i c  p a th w a y s  w as t o  f e e d  e n a n t i o m e r i c a l l y  d e u t e r i a t e d
2
p r e c u r s o r s  a n d  t o  e x a m in e  t h e  l a b e l l i n g  p a t t e r n s  b y  H n . m . r
31 2s p e c t r o s c o p y .  R ana  a n d  R o b in s  made t h e  ( 1 R ) - [ 1 -  h ]~  a n d
2
( I S ) - [ 1 -  H ] - p u t r e s c i n e s , a c c o r d i n g  t o  t h e  m e th o d  o f  R i c h a r d s  a n d
O O 2
S p e n s e r  , a n d  f e d  th em  t o  S .  i s a t i d e u s . I n  t h e  ( l R ) - [ l -  H]
2 1
p u t r e s c i n e  e x p e r i m e n t  t h e  H-{ H} n . m . r  s p e c t r u m  o f  t h e  d e r i v e d  
r e t r o r s i n e  sh o w ed  s i g n a l s  c o r r e s p o n d i n g  t o  d e u t e r i u m  a t  C -3B ,
C - 5 a , C -8 a  a n d  C-9 p r o s  a s  i n  ( 5 9 ) .  T h i s  s u g g e s t e d  t h e  f o l l o w i n g  
s p e c u l a t e d  m e c h a n is m .  The i n i t i a l  o x i d a t i o n  o f  p u t r e s c i n e  (23)
t o  4 - a m i n o b u t a n a l  (53) b y  t h e  enzym e d i a m i n e  o x i d a s e  i s  known t o  
p r o c e e d  v i a  t h e  s t e r e o s p e c i f i c  r e m o v a l  o f  t h e  p r o - S  h y d r o g e n  f ro m
31
t h e  m e t h y l e n e  g r o u p  o f  t h e  p r i m a r y  a m in e .  C o u p l i n g  o f  t h e
a l d e h y d e  (53) w i t h  a  m o l e c u l e  o f  ( l R ) - [ l -  H ] p u t r e s c i n e  g i v e s  t h e
i m i n e  (54) w h ic h  i s  s t e r e o s p e c i f i c a l l y  r e d u c e d  b y  h y d r i d e  a t t a c k  on
t h e  s i - f a c e  t o  g i v e  t h e  l a b e l l e d  h o m o s p e r m id in e  ( 5 5 ) .  I f  t h e
r e d u c t i o n  was c a r r i e d  o u t  f ro m  t h e  o p p o s i t e  f a c e  t h e n  t h e  d e r i v e d
2
r e t r o r s i n e  w o u ld  h a v e  H l a b e l s  a t  C-3ot, C-3f3, C -5 a  a n d  C -5 B , w h ic h  
i s  n o t  o b s e r v e d .  Two m ore  o x i d a t i o n s  r e m o v in g  t h e  p r o - S  h y d r o g e n s
g i v e  t h e  d i a l d e h y d e  (56) w h ic h  c y c l i s e s  t o  i m i n e  ( 5 7 ) .  T h i s  i n
t u r n  c y c l i s e s  b y  a t t a c k  o n  t h e  r e - f a c e  o f  t h e  im in iu m  i o n  g i v i n g  
o n l y  t h e  8 a - p y r r o l i z i d i n e  a l d e h y d e  ( 5 8 ) .  S t e r e o s p e c i f i c  r e d u c t i o n  
f r o m  t h e  r e - f a c e  o f  t h e  c a r b o n y l  g r o u p  l e a d s  t o  t h e  l a b e l l i n g  p a t t e r n  
show n i n  (59) (Schem e 1 2 ) .
2
The ( I S ) - [ 1 -  H j p u t r e s c i n e  e x p e r i m e n t  c o n f i r m s  t h i s  e x p l a n a t i o n .
2 1The r e t r o r s i n e  e x t r a c t e d  h a d  s i g n a l s  i n  t h e  H-{ H} n . m . r  s p e c t r u m
c o r r e s p o n d i n g  t o  d e u t e r i u m  a t  t h e  C -3 a  a n d  C -5 3  p o s i t i o n s .  S i m i l a r
3 2 a
r e s u l t s  w e r e  o b t a i n e d  b y  G r u e - S o r e n s e n  a n d  S p e n s e r .
An e x t e n s i o n  t o  t h e  k n o w le d g e  on  t h e  s t e r e o c h e m i s t r y  o f  t h e
34b i o s y n t h e s i s  w as  r e p o r t e d  r e c e n t l y  b y  K unec  a n d  R o b i n s .  They
2 2 made t h e  ( 2 R ) - [ 2 -  h ] -  (60) a n d  ( 2 S ) - [ 2 -  H ] - p u t r e s c i n e s  (61) a n d  f e d
2 1th e m  t o  S .  i s a t i d e u s . The H-{ H} n . m . r  s p e c t r u m  o f  r e t r o r s i n e  (62)
2
d e r i v e d  f ro m  t h e  ( 2 R ) - [ 2 -  H ] - p u t r e s c i n e  f e e d  sh o w e d  p e a k s  c o r r e s p o n d i n g
t o  d e u t e r i u m  a t  C -2  a n d  C - 6 a .  The s p e c t r u m  f o r  t h e  ( 2 S ) - [ 2 -  H] -
p u t r e s c i n e  f e e d  s h o w e d  d e u t e r i u m  a t  t h e  C-6B a n d  C -7 a  p o s i t i o n s  i n
r e t r o r s i n e  ( 6 3 ) .  T h e r e  a r e  tw o i m p o r t a n t  f e a t u r e s  h e r e  (Schem e 1 3 ) .
F i r s t l y ,  t h e  h y d r o x y l a t i o n  a t  C -7  t o  fo rm  r e t r o n e c i n e  (3) o c c u r s
2
w i t h  r e t e n t i o n  o f  c o n f i g u r a t i o n ,  s i n c e  t h e r e  w as no  l o s s  o f  H when
n
( 2 S ) - [ 2 -  H] p u t r e s c i n e  w as f e d .  T h i s  o b s e r v a t i o n  a l s o  d i s c o u n t s
nh2
nh2 + / L
D H
NH-
T
0
(5 3)
0
32
NH
5
NH D
D H H D
(56)
©
D H H D
(57 )
X  'CH3 I 
0 = ^ 0
D H H D 
( 5 9 )
CDO
D H H D
(5 8)
Scheme 12
33
t h e  p r e s e n c e  o f  a  k e t o  o r  e n o l  i n t e r m e d i a t e  i n  t h i s  s t e p .  S e c o n d l y ,  
t h e  f o r m a t i o n  o f  t h e  1 , 2 - d o u b l e  b o n d  i n v o l v e s  r e m o v a l  o f  t h e  p r o - S  
h y d r o g e n ,  o f  t h e  c a r b o n  w h ic h  l a t e r  b e c o m e s  C -2  o f  r e t r o n e c i n e  a n d  
r e t e n t i o n  o f  t h e  p r o - R  h y d r o g e n .
2
I n  a  r e l a t e d  p a p e r ,  K e l l y  a n d  R o b in s  f e d  t h e  ( l R ) - [ l -  h ] - , ( 1 S ) -
2 2 2 3 S
[ 1 -  h ] - j( 2 R ) - [ 2 -  H ] - 5a n d  ( 2S ) — [ 2 — H ] - p u t r e s c i n e s  t o  S .  p l e i s t o c e p h a l u s  .
2 2 F e e d i n g  ( l R ) - [ l -  H ] - p u t r e s c i n e  g a v e  r o s m a r i n i n e  w h ic h  sh o w e d  H
l a b e l l i n g  a t  C - 3 3 ,  C - 5 a ,  C - 8 a ,  a n d  C-9 p r o - S . F e e d i n g  t h e  e n a n t i o m e r i c
p u t r e s c i n e  g a v e  l a b e l l i n g  o n l y  a t  C -5 3  a n d  C - 3 a .  T h e s e  p a t t e r n s  o f
i s o t o p i c  l a b e l l i n g  a r e  a n a l o g o u s  t o  t h o s e  o b s e r v e d  f o r  r e t r o r s i n e  ( 5 9 ) ,
a n d  c a n  b e  e x p l a i n e d  i n  t h e  same w ay .  A d m i n i s t r a t i o n  o f  t h e  ( 2 R ) -  
2
[ 2 -  H ] - p u t r e s c i n e  (60) g a v e  t h e  i s o t o p i c a l l y  l a b e l l e d  r o s m a r i n i n e  (64)
2
w i t h  H a to m s  a t  C -2 3  a n d  C - 6 a .  The e n a n t i o m e r i c  p u t r e s c i n e  (61) 
g a v e  r o s m a r i n i n e  (65) l a b e l l e d  a t  C - 6 3 /  C - l a  a n d  C -7 a  (Schem e 1 4 ) .
T h i s  o b s e r v a t i o n  a l l o w s  a  f u r t h e r  e x t e n s i o n  o f  t h e  s t e r e o c h e m i c a l  
d e t a i l s .  T he p y r r o l i z i d i n e  a l d e h y d e  (66) i s  f o r m e d  f r o m  t h e  im in iu m  
s p e c i e s  (67) b y  l o s s  o f  t h e  p r o - R h y d r o g e n  a n d  r e t e n t i o n  o f  t h e  p r o - S 
h y d r o g e n .  T he  i o n i c  s p e c i e s  (68) ( o r  an  e q u i v a l e n t )  t h e n  c y c l i s e s
t o  fo rm  t h e  a l d e h y d e  (66) (Scheme 1 5 ) .
The p r e s e n c e  o f  a n  im in iu m  s p e c i e s  o f  some s o r t  h a d  o f t e n  b e e n
s u g g e s t e d  b u t  i t  w as  n o t  u n t i l  t h e  r e p o r t  o f  K e l l y  a n d  R o b i n s  t h a t
36e v i d e n c e  o f  i t s  i n t e r m e d i a c y  was p r e s e n t e d .  T h e s e  w o r k e r s
p o s t u l a t e d  t h a t  t h e  N- ( 4 - a m i n o b u t y l )  - 1 , 2 - d i d e h y d r o p y r r o l i d i n i u m  i o n
14
(69) w as  an  i n t e r m e d i a t e .  T hey  made a  C - l a b e l l e d  v e r s i o n  (70)
o f  t h e  i o n  b y  t h e  r o u t e  show n. R e a c t i o n  o f  p y r r o l i d i n e
w i t h  [ l - 14C ] - 4 - c h l o r o b u t a n e n i t r i l e  f o l l o w e d  b y  h y d r o g e n a t i o n  a n d  
a c i d i f i c a t i o n  g a v e  t h e  d i a m in e  s a l t  ( 7 1 ) .  O x i d a t i o n  w i t h  m e r c u r i c ( I I )
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N o t e : No m o l e c u l e s  o f  l a b e l l e d  p u t r e s c i n e  c o n t a i n  m o re  t h a n  o n e
2
H a to m .  The l a b e l l i n g  p a t t e r n s  d e p i c t e d  i n  S c h e m e s  1 2 ,  1 3 ,  14 a n d
2
15 a r e  t h e r e f o r e  c o m p o s i t e  r e p r e s e n t a t i o n s  o f  a l l  t h e  H - l a b e l l e d  s p e c i e s  
t h a t  a r e  p r e s e n t .
36
14a c e t a t e  g a v e  t h e  C - l a b e l l e d  im in iu m  i o n  ( 7 0 ) .  F e e d i n g  o f  t h i s
3 3 14p r e c u r s o r  a l o n g  w i t h  H - l a b e l l e d  p u t r e s c i n e  ( H : C r a t i o  5 : 1 )  t o
3 14S .  p l e i s t o c e p h a l u s  g a v e  r o s m a r i n i n e  w i t h  a  H : C r a t i o  o f  2 : 9 .
A s i m i l a r  r e s u l t  w as  o b s e r v e d  when t h e  m i x t u r e  w as  g i v e n  t o  
S .  i s a t i d e u s . T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  im in iu m  i o n  (69) 
i s  a  b e t t e r  i n t e r m e d i a t e  t h a n  p u t r e s c i n e  (23) i t s e l f .  An i n t e r ­
m e d i a t e  t r a p p i n g  e x p e r i m e n t  c o n f i r m e d  t h e  p r e s e n c e  o f  s p e c i e s  (69) i n  
t h e  p l a n t .
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2 . 2  The B i o s y n t h e s i s  o f  P y r r o l i z i d i n e  N e c i c  A c i d s .
T h e r e  i s  n o  w o rk  o n  t h e  b i o s y n t h e s i s  o f  n e c i c .  a c i d s  c o n t a i n e d  
i n  t h i s  v o lu m e ,  t h e r e f o r e ,  a  d e t a i l e d  r e v i e w  o f  t h e  l i t e r a t u r e  i s  
n o t  p r e s e n t e d .  T he f o l l o w i n g  i s  a  b r i e f  sum m ary o f  t h e  m a j o r
f e a t u r e s  o f  t h e  b i o s y n t h e t i c  p a t h w a y s  t o  t h e  n e c i c  a c i d s .
I n  g e n e r a l ,  n e c i c  a c i d s  c o n t a i n  t e n  c a r b o n  a t o m s ,  a r e  m o n o b a s i c
o r  d i b a s i c  a c i d s ,  w i t h  v a r i o u s  n u m b e rs  o f  h y d r o x y l  a n d  u n s a t u r a t e d  g r o u p s .
T h e r e  a r e  a l s o  v a r i o u s  s t e r e o i s o m e r s  k n ow n . A t y p i c a l  e x a m p le  i s
s e n e c i c  a c i d  ( 7 2 ) .  I t  w as p r e v i o u s l y  b e l i e v e d  t h a t  t h e s e  a c i d s
w e r e  d e r i v e d  f ro m  m e v a l o n a t e ,  s i n c e  t h e y  c a n  b e  e a s i l y  d i v i d e d  (on
p a p e r )  i n t o  tw o i s o p r e n e  u n i t s .  H o w e v e r ,  i t  w as  l a t e r  show n t h a t
a c e t a t e  a n d  m e v a l o n a t e  a r e  n o t  s p e c i f i c  p r e c u r s o r s  f o r  t h e  n e c i c  
37a c i d s .  I t  w as  l a t e r  sh o w n ,  b y  C r o u t  a n d  o t h e r s  t h a t  t h e  a c i d s
o r i g i n a t e  f ro m  b r a n c h e d  c h a i n  am in o  a c i d s ,  p a r t i c u l a r l y  i s o l e u c i n e  
37 38(73) . '  C r o u t  e t  a l . h a v e  a l s o  p u b l i s h e d  a  p r o p o s e d  m e c h a n is m
39f o r  t h e  c o u p l i n g  r e a c t i o n s .
Work on  t h e  n e c i c  a c i d s  w as r e v i e w e d  b y  R o b in s  i n  1 9 8 2 1 a n d
2
s y n t h e t i c  r o u t e s  t o  th e m  a r e  r e v i e w e d  r e g u l a r l y .
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2 . 3  The Use o f  A n a l o g u e s  i n  B i o s y n t h e t i c  S t u d i e s .
A n a lo g u e s  o f  known b i o s y n t h e t i c  p r e c u r s o r s  c a n  b e  u s e f u l  i n  
t h e  e l u c i d a t i o n  o f  t h e  p a t h w a y s .  The o b s e r v a t i o n  t h a t  a n  o r g a n i s m
c a n  s u c c e s s f u l l y  d e a l  w i t h  o n e  m o d i f i e d  p r e c u r s o r  a n d  n o t  a n o t h e r  may 
b e  u s e f u l  i n  e s t a b l i s h i n g  t h e  m e c h a n is m s  i n v o l v e d .  F i g u r e  4 show s 
a  m o d e l  b i o g e n e t i c  p a t h w a y  A t o  B t o  C a n d  s o  on  t o  Z . I n t r o d u c i n g  
a  m o d i f i e d  p r e c u r s o r  A"*” c a n  h a v e  o n e  o f  tw o e f f e c t s .  I f  t h e  o r g a n i s m
m i s t a k e n l y  r e c o g n i s e s  t h e  p r e c u r s o r  A"*" a s  a  n o r m a l  m e t a b o l i t e  t h e n  i t  
c a n  b e  t r a n s f o r m e d  i n t o  a  m o d i f i e d  n a t u r a l  p r o d u c t  z \  Of m ore
i n t e r e s t  i s  t h e  s i t u a t i o n  w h e re  a  d i f f e r e n t  p r e c u r s o r  A ^  i s  o n l y  
r e c o g n i s e d  b y  some o f  t h e  en zy m es  on  t h e  p a t h w a y .  T h i s  may c a u s e
a  h a l t  i n  t h e  o v e r a l l  b i o s y n t h e s i s  t o  Z ^  a n d  may r e s u l t  i n  t h e  
p r o d u c t i o n  o f  a  new p r o d u c t  D ^ .  A n o t h e r  p o s s i b i l i t y  i s  t h a t  t h e
m o d i f i e d  p r e c u r s o r  may c o m p l e t e l y  b l o c k  one  o r  m ore  s t e p s ,  t o  t h e  
d e t r i m e n t  o f  t h e  w h o le  s y s t e m .  The l a t t e r  i s  t h e  b a s i s  o f  one
t y p e  o f  enzym e i n h i b i t o r y  a c t i o n .
The m o s t  s i m p l e  t y p e  o f  a n a l o g u e  i s  t h e  i s o t o p i c a l l y  l a b e l l e d
2 3 14com p o u n d .  T he common e x a m p le s  i n c o r p o r a t i n g  H, H a n d  C g e n e r a l l y
h a v e  l i t t l e  o r  n o  e f f e c t  on  t h e  b i o s y n t h e s i s  a n d  a r e ,  t h e r e f o r e ,  u s e d  
t o  p r o d u c e  i s o t o p i c a l l y  l a b e l l e d  n a t u r a l  p r o d u c t s .  T he  u s e  o f
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F i g u r e  4 .
19F - l a b e l l e d  p r e c u r s o r s  h a s  a l s o  becom e p o p u l a r .  H o w e v e r ,  p r e c u r s o r s
c o n t a i n i n g  F l a b e l s  t e n d  t o  b e  t o x i c  t o  t h e  o r g a n i s m s  t o  w h ic h  t h e y
a r e  a d m i n i s t e r e d ,  a l t h o u g h  some o r g a n i s m s  c a n  a d a p t  t o  i n g e s t i o n  o f
19 40F - l a b e l l e d  m a t e r i a l s  w i t h o u t  b e i n g  d e s t r o y e d .
A m ore  d r a s t i c  c h a n g e  t o  t h e  p r e c u r s o r  may p r o d u c e  a  m ore  
s e v e r e  e f f e c t  u p o n  t h e  l i v i n g  s y s t e m .  F o r  i n s t a n c e ,  t h e
s u b s t i t u t i o n  o f  a  CH^ g r o u p  f o r  a n  H o r  a  d o u b l e  b o n d  f o r  a  s i n g l e  
b o n d .  The e f f e c t s  o f  s u c h  m a t e r i a l s  i n  v i v o  c a n  b e  e x a m in e d
t o  s e e  i f  a  p a t t e r n  c a n  b e  e s t a b l i s h e d  r e l a t i n g  t h e  p r e s e n c e  o f  
a  f u n c t i o n a l  g r o u p  t o  a  p a r t i c u l a r  b i o l o g i c a l  a c t i o n .  T h u s ,  a
m e c h a n is m  f o r  t h e  b i o l o g i c a l  a c t i v i t y  may b e  d e d u c e d .
2.4 Conclusions
The b i o s y n t h e s i s  o f  p y r r o l i z i d i n e  a l k a l o i d s  h a s  b e e n  
e x t e n s i v e l y  s t u d i e d  p a r t i c u l a r l y  t h e  b i o s y n t h e s i s  o f  r e t r o n e c i n e  (3) 
c o n t a i n i n g  a l k a l o i d s .
C h a p t e r  5 d e s c r i b e s  t h e  f i r s t  i n v e s t i g a t i o n s  i n t o  t h e  
b i o s y n t h e s i s  o f  t h e  s e c o - p y r r o l i z i d i n e  b a s e ,  o t o n e c i n e  ( 1 4 ) .
I n  C h a p t e r  7 ,  t h e  s y n t h e s i s  a n d  b i o l o g i c a l  a c t i v i t y  o f  some 
a n a l o g u e s  o f  1 , 4 - b u t a n e d i a m i n e  ( p u t r e s c i n e )  (23) a r e  d i s c u s s e d .
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CHAPTER 3
SYNTHESIS OF NECINE BASES
3 . 1  I n t r o d u c t i o n .
T h e r e  a r e  many s y n t h e s e s  a v a i l a b l e  f o r  t h e  p y r r o l i z i d i n e  b a s e s ,  
a l t h o u g h  m o s t  o f  t h e s e  a r e  f o r  t h e  s i m p l e r  1 - h y d r o x y m e t h y l  p y r r o l i z i d i n e s  
o r  f o r  r e t r o n e c i n e  ( 3 ) .  I t  i s  o n l y  r e c e n t l y  t h a t  t h e  s y n t h e t i c
p r o b l e m s  o f  t h e  m ore  c o m p le x  p y r r o l i z i d i n e  b a s e s  h a v e  b e e n  a d d r e s s e d .  
P r o d u c i n g  t h e  c o r r e c t  s t e r e o c h e m i s t r y  a n d  f u n c t i o n a l i s a t i o n  o f  s u c h  s m a l l  
m o l e c u l e s  p r e s e n t s  a  p a r t i c u l a r l y  c h a l l e n g i n g  t a s k .
41T h e r e  a r e  s e v e r a l  s y n t h e t i c  r e v i e w s  a v a i l a b l e  a n d  new s y n t h e s e s  
2a r e  d i s c u s s e d  a n n u a l l y .  T h e  f o l l c w i n g  s e c t i o n  i s  a  s e l e c t e d  r e v i a v
o f  s y n t h e s e s  w h i c h  h a v e  d i r e c t  r e l e v a n c e  t o  t h e  w o rk  u n d e r t a k e n  o r  w h i c h  
a r e  t y p i c a l  o f  t h e  s y n t h e s e s  o f  n e c i n e s .
3 . 2  A S e l e c t e d  Review
The s y n t h e t i c  r o u t e s  f a l l  i n t o  s e v e r a l  b r o a d  c a t e g o r i e s  d e p e n d i n g  
on  t h e  s t r u c t u r a l  f e a t u r e s  o f  t h e  s t a r t i n g  m o l e c u l e s .  E a c h  c a t e g o r y
g e n e r a l l y  t a k e s  t h e  f o rm  o f  an  i n i t i a l  o b s e r v a t i o n  b y  o n e  g r o u p ,  f o l l o w e d  
b y  e l a b o r a t i o n  b y  o t h e r  g r o u p s .
T h e  f i r s t  s y n t h e s i s  o f  t h e  b a s e  ( + ) - r e t r o n e c i n e  (3) w a s  r e p o r t e d
42
b y  G e i s s m a n  a n d  W a is s  i n  1 9 6 2 .  T h i s  i n v o l v e d  t h e  p r o d u c t i o n  o f  t h e
(+) l a c t o n e  (74) , w h i c h  h a s  s i n c e  p r o v e d  t o  b e  a  k e y  i n t e r m e d i a t e  i n
many o t h e r  s y n t h e s e s .  T h e  r o u t e  s t a r t s ,  a s  shew n i n  Schem e 1 6 ,  f ro m
e t h y l  3 - N - ( c a r b o x y e t h y l ) p r o p a n o a t e  an d  d i e t h y l  f u m a r a t e , t o  g i v e  t h e  
43p y r r o l i d o n e  ( 7 5 ) ,  w h i c h  a f t e r  r e d u c t i o n  a n d  h y d r o l y s i s  o f  t h e  
c a r b a m a t e  g a v e  t h e  ( + ) - l a c t o n e  ( 7 4 ) .  The s e c o n d  r i n g  o f  t h e
p y r r o l i z i d i n e  n u c l e u s  w a s  fo r m e d  b y  b a s e  i n d u c e d  c y c l i s a t i o n  o f  t h e  
Kh a l k y l a t e d  l a c t o n e  (76)  g i v i n g  t h e  d i o l - e s t e r  (77)  w h i c h  w a s  c o n v e r t e d
42
i n t o  (_+)-r e t r o n e c i n e  (3) a s  show n. The e n a n t i o m e r s  f o r m e d  w e r e
s e p a r a t e d  v i a  t h e i r  d - c a m p h o r a t e  s a l t s ,  g i v i n g  ( + ) - r e t r o n e c i n e  i n  an  
o v e r a l l  y i e l d  o f  a r o u n d  5%.
N a r a s a k a  e t  a l , r e p o r t e d  a  s i g n i f i c a n t  im p r o v e m e n t  o n  t h i s  r o u t e  
44
i n  1 9 8 2 .  T h e i r  m o d i f i c a t i o n s  a r e  shew n i n  Schem e 1 7 ,  a n d  g a v e  an
o v e r a l l  y i e l d  o f  15%. S t a r t i n g  f ro m  G e i s s m a n n 's  l a c t o n e  ( 7 4 ) ,
c y c l i s a t i o n  w a s  c a r r i e d  o u t  on  e s t e r  ( 7 6 ) ,  f o l l o w e d  b y  r e d u c t i o n  a n d  
a c y l a t i o n  t o  g i v e  t h e  d i - a c y l a t e d  e s t e r  (78) w h i c h  a f t e r  e l i m i n a t i o n  
o f  a c e t i c  a c i d  a n d  r e d u c t i o n  g a v e  (_+)“ r e t r o n e c i n e  ( 3 ) .
The s y n t h e t i c  p o t e n t i a l  o f  t h e  l a c t o n e  (74)  w a s  c b v i o u s l y
a p p a r e n t .  I f  i t  w a s  p o s s i b l e  t o  p r o d u c e  an  o p t i c a l l y  a c t i v e  v e r s i o n
t h e n  t h e  w ay  w o u l d  b e  o p e n  t o  t h e  t o t a l  s y n t h e s i s  o f  o p t i c a l l y  a c t i v e
r e t r o n e c i n e  (3) a n d  o t h e r  p y r r o l i z i d i n e s . H c w e v e r ,  i t  w a s  n o t
u n t i l  19 83 t h a t  t h i s  o c c u r r e d .  R i ie g e r  a n d  Benn r e p o r t e d  t h e
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s y n t h e s i s  o f  t h e  o p t i c a l l y  a c t i v e  l a c t o n e  ( 7 4 ) ,  a n d ,  s o o n  a f t e r ,  t h e
f i r s t  s y n t h e s e s  o f  ( + ) - r e t r o n e c i n e  ( 3 ) ,  ( - )  p l a t y n e c i n e  ( 8 ) ,  ( + ) - c r o a l b i n -
46 47e c i n e  (79)  a n d  ( + ) - c r o t a n e c i n e  (13) .  The m e th o d  u s e d ,  s t a r t i n g
f r o m  N - b e n z y l o x y c a r b o n y l - ( 2 S ,  4 R ) - 4 - h y d r o x y p r o l i n e  ( 8 0 ) ,  i s  f a i r l y
l e n g t h y  a n d  no  y i e l d  o f  ( + ) - l a c t o n e  w a s  q u o t e d .  T h e  m a t e r i a l
o b t a i n e d  w a s  r e p o r t e d ,  h o w e v e r ,  t o  h a v e  h i g h  o p t i c a l  p u r i t y .
T he  c r u c i a l  s t e p s  i n  t h e i r  s y n t h e s i s  o f  ( + ) - l a c t o n e  (74)  a r e  t h e  
h o m o l o g a t i o n  o f  t h e  a c i d  a n d  t h e  t r a n s p o s i t i o n  o f  t h e  o x y g e n  f u n c t i o n  
f r o m  C -4  t o  C - 3 o f  t h e  h y d r o x y p r o l i n e  w i t h  i n v e r s i o n  o f  s t e r e o c h e m i s t r y .  
T h e  a c i d  (80) w a s  c o n v e r t e d  i n t o  i t s  h o m o lo g u e  b y  a  W o l f f  r e a r r a n g e m e n t  
o n  t h e  r e l a t e d  d i a z o k e t o n e  ( 8 0 a ) .  T he  o x y g e n  f u n c t i o n  a t  t h e  4- 
p o s i t i o n  w a s  r e m o v e d  b y  p y r o l y s i s  o f  t h e  x a n t h a t e  e s t e r  g i v i n g  m o s t l y  t h e
3 - p y r r o l i n e  d e r i v a t i v e  ( 8 1 ) .  A f t e r  e s t e r  h y d r o l y s i s ,  t h e  l a c t o n e  (82)
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w as  f o r m e d  v i a  t h e  p h e n y l s e l e n i u m  s p e c i e s .  The S - s t e r e o c h e m i s t r y
o f  t h e  2 - p o s i t i o n  i n d u c e d  t h e  4 R - s t e r e o c h e m i s t r y  a t  t h e  new C -0  b o n d .  
H y d r o g e n o l y s i s  o f  t h e  c a r b a m a t e  g a v e  t h e  ( + ) - l a c t o n e  (74) w i t h  >99% 
o p t i c a l  p u r i t y  (Scheme 1 8 ) ,
The c o n v e r s i o n  o f  t h e  ( + ) - l a c t o n e  (74) i n t o  o p t i c a l l y  a c t i v e  
n e c i n e s  w as c a r r i e d  o u t  a s  shown i n  Scheme 1 9 .  ( + ) - R e t r o n e c i n e  (3)
w as  made b y  a  s i m i l a r  m e th o d  t o  t h a t  o f  N a r a s a k a  e t  a l . ^ ,  u s i n g  
s l i g h t l y  d i f f e r e n t  r e a g e n t s .  ( + ) - C r o a l b i n e c i n e  (79) a n d  i t s  C - l
e p i m e r  (83) w e re  made b y  r e t a i n i n g  t h e  C -2  h y d r o x y l  g r o u p  o f  t h e  
i n t e r m e d i a t e  ( 7 7 ) .  S im p le  r e d u c t i o n  o f  e s t e r  (77) g a v e  ( + ) -  
c r o a l b i n e c i n e  ( 7 9 ) ,  w h e r e a s  i s o m e r i s a t i o n ,  l a c t o n i s a t i o n ,  t h e n  
r e d u c t i o n  g a v e  t h e  C - l  e p i m e r  ( 8 3 ) .  ( - ) - P l a t y n e c i n e  (8) a r o s e
f r o m  t h e  c o m p l e t e  r e d u c t i o n  o f  t h e  k e t o n e  i n  k e t o - e s t e r  (84) . 
L a c t o n i s a t i o n  a n d  r e d u c t i o n  g a v e  t h e  o p t i c a l l y  p u r e  d i o l  ( 8 ) .
The s y n t h e s i s  o f  ( + ) - c r o t a n e c i n e  w as c a r r i e d  o u t  u s i n g  t h e  
474 - h y d r o x y l a c t o n e  (85) . T h i s  w as  made b y  a  s i m i l a r  r o u t e  t o  t h a t
f o r  l a c t o n e  ( 7 4 ) ,  i n v o l v i n g  a  r a t h e r  l e n g t h y  r e a c t i o n  s e q u e n c e .  The 
c o n v e r s i o n  i n t o  ( + ) - c r o t a n e c i n e  (13) w as c a r r i e d  o u t  i n  a n  a n a l o g o u s  
f a s h i o n  t o  ( + ) - r e t r o n e c i n e  ( 3 ) .
A t  a r o u n d  t h e  same t i m e ,  B u c h a n a n  e t  a l . ,  r e p o r t e d  a  m ore
48
c o n v e n i e n t  s y n t h e s i s  o f  t h e  o p t i c a l l y  a c t i v e  l a c t o n e  (74) . As
show n  i n  Scheme 2 0 ,  t h i s  r o u t e  s t a r t e d  f ro m  r e a d i l y  a v a i l a b l e  2 , 3 - 0 -
i s o p r o p y l i d e n e - D - e r y t h r o s e  (86) w h ic h  was c o n v e r t e d ,  v i a  t h e  o x im e
49
i n t o  t h e  c y a n o m e t h a n e s u l p h o n a t e  ( 8 7 ) .  A B l a i s e  r e a c t i o n  u s i n g  
m e t h y l  b r o m o a c e t a t e  g a v e  a  m i x t u r e  o f  6 - k e t o  e s t e r  i s o m e r s  ( 8 8 a , b )  t h e n  
b a s e  i n d u c e d  c y c l i s a t i o n  y i e l d e d  a  m i x t u r e  o f  p y r r o l i d i n e  d e r i v a t i v e s  
( 8 9 a , b ) . 50 R e d u c t i o n  b y  NaCNBH^ g a v e  r i s e  t o  o n l y  o n e  i s o m e r  ( 9 0 ) .
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S chem e 18 : R e a g e n t s  : ( i )  TBDMS-C1, DMF, i m i d a z o l e ,  ( i i )  Bu OCOC1, E t .
( i i i )  CH2N2 , ( i v )  MeOH, Ag20 ,  (v) MeOH, H20 ,  N a ^ O y  ( v i )  P h S e C l ,
( V i i )  Bu^SnH, ( v i i i )  5% P d /C ,  EtOH, HC1.
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S chem e 19 : R e a g e n t s  : ( i )  Ac20 ,  p y r ,  DMAP, ( i i )  NaH, THF, ( i i i )  E tO H ,H C l
( i v )  L iA lH  , (v) N a O E t ( c a t . ) , EtOH, ( v i )  I ^ / R h / A l ^ ,  AcOH, 1 ^ 0
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T h i s  w as  p r o b a b l y  due  t o  t h e  s t e r i c  e f f e c t s  o f  t h e  a c e t a l  g r o u p .  
H y d r o l y s i s  o f  t h e  a c e t a l  a f t e r  N - p r o t e c t i o n  g a v e  t h e  o p t i c a l l y  a c t i v e  
l a c t o n e  (91) w h ic h  c o u l d  b e  e a s i l y  c o n v e r t e d  i n t o  l a c t o n e  (74) o r  i t s  
4 - o x y - d e r i v a t i v e  (85) . E i t h e r  o f  t h e s e  c o u l d  t h e n  b e  u s e d  t o  p r o d u c e  
o p t i c a l l y  a c t i v e  n e c i n e  b a s e s .
An i n t e r e s t i n g  f e a t u r e  o f  t h e  p r e v i o u s  s y n t h e s e s ,  a n d  i n d e e d  o f
m any o t h e r  s y n t h e t i c  r o u t e s ,  i s  t h e  i n t e r c o n v e r s i o n  b e t w e e n  t h e  v a r i o u s
n e c i n e  a l c o h o l s .  T h is  w a s d e m o n s t r a t e d ,  a t  an  e l e m e n t a r y  l e v e l  b y
G l i n s k i  a n d  Z a lk o w , who c o n v e r t e d  n a t u r a l l y  o c c u r r i n g  ( + ) - r e t r o n e c i n e  (3)
51i n t o  i t s  C -7  e p i m e r  ( + ) - h e l i o t r i d i n e  ( 1 2 ) .  T h i s  w as  a c h i e v e d  b y  a
s e q u e n c e  o f  p r o t e c t i o n  o f  t h e  p r i m a r y  h y d r o x y l ,  m e s y l a t i o n  o f  t h e  
s e c o n d a r y  h y d r o x y l ,  e p i m e r i s a t i o n  a t  C -7  w i t h  c a e s i u m  p r o p i o n a t e  a n d  
h y d r o l y s i s  o f  t h e  e s t e r s .
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S chem e 20  : R e a g e n t s  : ( i )  NH OH.HC1, C^H^N, ( i i )  MeSO^Cl,
( i i i )  a c t i v a t e d  Zn, BrCH^CO^CH^/ ( i v )  DBU, (v) NaBH^CN,
(v) PhCH^OCOCl, ( v i i )  C F ^ O ^ .
50
A r a t h e r  d i f f e r e n t  a p p r o a c h  t o  t h e  s y n t h e t i c  p r o b l e m s  i s  t o  u s e
t h e  t r a n s a n n u l a r  i n t e r a c t i o n  o f  a  l - a z a - 5 - o x o c y c l o - o c t a n e  s y s t e m .  I t  i s
know n t h a t  m o l e c u l e s  o f  t h i s  t y p e  e x i s t  i n  t h e  l - a z a - [  3 . 3  . O j b i c y c l o - o c t a n e
52f o r m  ( F i g .  5 ) ,  when p r o t o n a t e d .  The i n f r a - r e d  s p e c t r u m  o f  (92b)
a f t e r  p r o t o n a t i o n  show s no  c a r b o n y l  s t r e t c h i n g  f r e q u e n c y .  T he n . m . r  
s p e c t r u m  show s o n l y  a  s i n g l e t  f o r  t h e  b e n z y l  p r o t o n s ,  r a t h e r  t h a n  t h e  
d o u b l e t  e x p e c t e d  i f  N - p r o t o n a t i o n  h a d  t a k e n  p l a c e .
H®
F i g u r e  5 .
The "Si n . m . r .  s p e c t r u m  a l s o  show s a  b r o a d  s i g n a l  c o r r e s p o n d i n g  t o  
t h e  h y d r o x y l  p r o t o n .
T h i s  o b s e r v a t i o n  t h e r e f o r e  p r e s e n t s  an  a c i d - m e d i a t e d  m e th o d  f o r
t h e  c o n s t r u c t i o n  o f  t h e  p y r r o l i z i d i n e  r i n g  s y s t e m .  L e o n a r d  a n d  S a t o
u s e d  t h i s  t y p e  o f  p r o c e d u r e  i n  t h e i r  1969 s y n t h e s i s  o f  (±) - i s o r e t r o -  
51n e c a n o l  ( 5 ) .  T h e i r  s y n t h e s i s ,  shown i n  Scheme 2 1 ,  s t a r t e d  f ro m
t h e  e s t e r  (93) w h ic h  w as s u b j e c t e d  t o  a  h i g h  d i l u t i o n  D ie c k m a n n  
c y c l i s a t i o n  w i t h  p o t a s s i u m  t - b u t o x i d e .  The c y c l i c  p r o d u c t  (94) w as 
c o n v e r t e d  i n t o  i t s  p e r c h l o r a t e  w h ic h  w as shown b y  s p e c t r a l  d a t a ,  t o  h a v e  
t h e  t r a n s a n n u l a r  s t r u c t u r e  ( 9 5 ) .  [T he  i n f r a - r e d  s p e c t r u m  sh o w e d  n o  
b a n d  f o r  a  k e t o n e  a n d  tw o b a n d s  a t  3550 a n d  3370 cm f o r  OH.]
C a t a l y t i c  h y d r o g e n a t i o n  o f  t h e  p e r c h l o r a t e  s a l t  (95) g a v e  a  g o o d  y i e l d  
o f  e t h y l  ( + ) —i s o r e t r o n e c a n o l a t e  p e r c h l o r a t e  ( 9 6 a ) . T h i s  r e a c t i o n
51
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S chem e 21 : R e a g e n t s  : ( i )  KOBu , ( i i )  HC10
P d /C , ( i v )  NaOH, (v ) L iA lH  .
(9 4 )
ii
C02Et
CIO,
(9 5 )
( ± H s )
( i i i )  ( 1 - 3  a t m ) ,
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p r o b a b l y  g o e s  t h r o u g h  t h e  im in iu m  s p e c i e s  (97) w h ic h  w o u ld  a c c o u n t  f o r  
t h e  c i s - n a t u r e  o f  t h e  e s t e r  p r o d u c t  ( 9 6 a ) . L i b e r a t i o n  o f  t h e  f r e e
b a s e  (96) f o l l o w e d  b y  r e d u c t i o n  w i t h  L iA lH ^  g a v e  ( ± ) - i s o r e t r o n e c a n o l  
(5) w h i c h  w as  i s o l a t e d  a s  i t s  p i c r a t e  s a l t .
T he  same g r o u p  a l s o  t r i e d  t h e  d i r e c t  h y d r o g e n a t i o n  o f  t h e  k e t o -  
e s t e r  (94) u n d e r  n o n - a c i d i c  c o n d i t i o n s .  The r e s u l t  w as a  m i x t u r e  o f  
e t h y l  ( ± ) - i s o r e t r o n e c a n o l a t e  (96) a n d  t h e  a 0 - u n s a t u r a t e d  e s t e r  ( 9 8 ) .
To c o m p l e t e  t h e  h y d r o g e n a t i o n  o f  e s t e r  (98) r e q u i r e d  t h e  u s e  o f  a c i d i c  
m e d i a .  T he  f o r m a t i o n  o f  e s t e r  (98) i s  a c c o u n t e d  f o r  b y  d e h y d r a t i o n
o f  t h e  0 - h y d r o x y  e s t e r  (99c) w h ic h  i s  i n  e q u i l i b r i u m  w i t h  (99a)  a n d  
(9 9 b )  ( F i g u r e  6 ) .
co2ei-
HO |
—  CD
( 9 9 b )
C02Et
HO ! -H20
+h2o
( 9 8 )
F i g u r e  6 .
I n  a  l a t e r  s y n t h e s i s  o f  (± ) - r e t r o n e c i n e  ( 3 ) ,  Niwa e t  a l . u s e d
54
t h e  a 0 - u n s a t u r a t e d  e s t e r  (98) a s  a  k e y  i n t e r m e d i a t e .  They  w ere
e x t e n d i n g  t h e  u s e  o f  t h e  y - h y d r o x y l a t i o n  r e a c t i o n  o f  l i t h i u m  e n o l a t e s
54
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N 
( 9 8 )
OEt
( + H 1 0 0 )
111
HO C02Et
S ch em e 22 : R e a g e n t s  : ( i )  LDA, HMPA, ( i i )  Mo05 , ( i i i )  H2 , P t 0 2 .
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T u f a r i e l l o  a n d  T e t t e ,  (Scheme 24) . They  u s e d  t h e  n i t r o n e  (103)
a s  a  1 / 3 - d i p o l e  a n d ,  i n i t i a l l y ,  d i e t h y l  f u m a r a t e  (104) a s  t h e
d i p o l a r o p h i l e , g i v i n g  t h e  a d d u c t  ( 1 0 5 ) .  H o w e v e r ,  t h e  p r o d u c t  a f t e r
h y d r o g e n o l y s i s  a n d  d e h y d r a t i o n  was n o t  t h e  A ^ -com pound  (106) e x p e c t e d  
7
b u t  w as  t h e  A - e s t e r  ( 1 0 7 ) .  I t  i s  t h o u g h t  t h a t  i s o m e r i s a t i o n  o c c u r s
o f  t h e  c r o s s - c o n j u g a t e d  k e t o - e s t e r  (106) t o  t h e  m ore  s t a b l e  l a c t a m  ( 1 0 7 ) .
An a l t e r n a t i v e  t o  t h i s  was t o  u s e  an  u n s y m m e t r i c a l  d i p o l a r o p h i l e ,  s u c h
a s  m e t h y l  4 - h y d r o x y c r o t o n a t e  ( 1 0 8 ) .  S t u d i e s  w i t h  t h i s  d i p o l a r o p h i l e
h a d  show n  t h a t  t h e  c y c l o a d d i t i o n  r e g i o c h e m i s t r y  g a v e  t h e  a d d u c t  (1 0 9 a )  a n d
n o t  i t s  i s o m e r  ( 1 1 0 ) .  T h e r e f o r e ,  h y d r o g e n o l y s i s  o f  t h e  m e s y l a t e
d e r i v a t i v e  (109b) f o l l o w e d  b y  i n t r a m o l e c u l a r  s u b s t i t u t i o n  a n d  e l i m i n a t i o n
o f  w a t e r  g a v e  t h e  ( ± ) - u n s a t u r a t e d  e s t e r  ( 1 1 1 ) . T h i s  w as r e d u c e d  u s i n g
t h e  s e l e c t i v e  h y d r i d e  r e a g e n t  l i t h i u m  a lu m in iu m  h y d r i d e / a l u m i n i u m  c h l o r i d e
t o  g i v e  ( ± ) - s u p i n i d i n e  (11) (Scheme 2 5 ) .  L a t e r ,  T u f a r i e l l o  a n d  Lee
57e x t e n d e d  t h i s  s y n t h e s i s  t o  make ( ± ) - r e t r o n e c i n e  ( 3 ) .  U s in g  t h e  new
n i t r o n e  (112) i n  an  e x a c t l y  a n a l o g o u s  m an n e r  t o  t h a t  d e s c r i b e d  a b o v e ,  t h e y  
o b t a i n e d  t h e  k e t a l  e s t e r  (113) w h ic h  was e a s i l y  t r a n s f o r m e d  i n t o  t h e  
d i o l  (3) w h ic h  h a d  s p e c t r a l  a n d  p h y s i c a l  p r o p e r t i e s  i d e n t i c a l  t o  
a u t h e n t i c  ( ± ) - r e t r o n e c i n e  (3) (Scheme 2 6 ) .
T h e s e  l a s t  tw o s y n t h e s e s  d i d  n o t  u s e  t h e  f u l l  p o t e n t i a l  o f  t h e
1 , 3 - d i p o l a r  c y c l o a d d i t i o n ,  i n  t h a t  t h e  r i n g  fo rm e d  w as n o t  k e p t  i n  t h e
f i n a l  p y r r o l i z i d i n e  p r o d u c t .  A r e c e n t  s y n t h e s i s  o f  ( ± ) - r e t r o n e c i n e  (3)
58b y  V e d e j s  e t  a l . u s e d  a  s i m i l a r  s y s t e m  t o  T u f a r i e l l o  e t  a l „ b u t  t h e  
c y c l o a d d i t i o n  r e a c t i o n  w as u t i l i s e d  t o  fo rm  t h e  s e c o n d  r i n g  o f  t h e  
p y r r o l i z i d i n e  n u c l e u s .  I n s t e a d  o f  u s i n g  t h e  i m i n e  o x i d e ?  (103) o r  (112)
t h e y  u s e d  t h e  i m i d a t e  s p e c i e s  (114) w h ic h  was g e n e r a t e d  i n  s i t u  f ro m  t h e  
i m i d a t e  t r i f l a t e  s a l t  (115) u s i n g  CsF (Scheme 2 7 ) .  C y c l o a d d i t i o n  o f
t h e  i m i d a t e  (114) t o  m e t h y l  a c r y l a t e  g av e  t h e  a d d u c t  (116) w h ic h  was
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S chem e 23 : R e a g e n t s  : ( i )  L iS P h ,  ( i i )  H g(O A c)2 * ( i i i )  M e l ,
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t r a n s f o r m e d  i n t o  ( ± ) - r e t r o n e c i n e  (3) b y  s t a n d a r d  r e a c t i o n s .
G iv e n  t h e  l e n g t h  a n d  r e l a t i v e  c o m p l e x i t y  o f  t h e  r o u t e s  a b o v e  i t
i s  n o t  s u r p r i s i n g  t h a t  much s h o r t e r  r o u t e s  h a v e  b e e n  f o u n d  w h i c h  make
u s e  o f  t h e  1 , 3 - d i p o l a r  s y s t e m .  The f i r s t  i m p o r t a n t  r e p o r t  came f r o m
P i z z o r n o  a n d  A l b o n i c o  i n  t h e i r  1974 s y n t h e s i s  o f  ( ± ) - i s o r e t r o n e c a n o l  
29
(5) .
U s i n g  N - f o r m y l - L - p r o l i n e  (117) a s  t h e i r  s t a r t i n g  p o i n t  t h e y
59f o r m e d  t h e  1 , 3 - d i p o l a r  s p e c i e s ,  p r o b a b l y  ( 1 1 8 ) .  C y c l o a d d i t i o n  w i t h
e t h y l  p r o p i o l a t e  g a v e  t h e  a d d u c t  (119) w h ic h ,  s p o n t a n e o u s l y  l o s t  CC>2 v i a  
a  r e t r o ~ D i e l s - A l d e r  p r o c e s s .  The p y r r o l e  e s t e r  (120) p r o d u c e d  w as 
t h e n  h y d r o g e n a t e d  w i t h  a  P d /C  c a t a l y s t  a n d ,  a s  p r e v i o u s l y  n o t e d ,  d e l i v e r y  
o f  t h e  H -a to m s  o c c u r s  f ro m  o n e  s i d e  o n l y .  T h e r e f o r e  t h e  p r o d u c t
o b t a i n e d  was e x c l u s i v e l y  e s t e r  (96) . R e d u c t i o n  g a v e  a  s a m p le  o f  
( ± ) - i s o r e t r o n e c a n o l  (5) w h ic h  was i d e n t i c a l  t o  a u t h e n t i c  m a t e r i a l .  T he  
s e q u e n c e  i s  shown i n  Scheme 2 8 .
I n  1 9 7 9 ,  R o b in s  a n d  S a k d a r a t  e x t e n d e d  t h i s  r o u t e  t o  make ( ± ) -
s u p i n i d i n e  (11) . ^ °  T he m e th o d  u s e d  w as t h e  p h e n y l - s e l e n e n y l a t i o n  o f  t h e
e s t e r  (96) f o l l o w e d  b y  t h e  r e d u c t i o n / o x i d a t i o n / e l i m i n a t i o n  s t e p s ,  a s
m e n t i o n e d  p r e v i o u s l y .  S h o r t l y  a f t e r ,  t h e y  came up w i t h  a n  a d a p t a t i o n
o f  t h i s  r o u t e  w h ic h  a l l o w e d  th em  t o  r e p o r t  t h e  f i r s t  s y n t h e s i s ,  i n
o p t i c a l l y  a c t i v e  f o r m s ,  o f  t h e  f o u r  s t e r e o i s o m e r s  o f  1 - h y d r o  xy  me t h y  1 -
61
p y r r o l i z i d i n e  a n d  tw o  e n a n t i o m e r s  o f  s u p i n i d i n e  ( 1 1 ) .  T h e s e  w o r k e r s
n o t i c e d  t h a t  t h e  1 , 3 - d i p o l a r  c y c l o a d d i t i o n  r e a c t i o n  m e n t i o n e d  a b o v e  c o u l d  
a l s o  b e  c a r r i e d  o u t  on t h e  N , ( ) - d i f o r m y l  d e r i v a t i v e  (121) o f  ( - ) - ( 4  R ) - 4 -  
h y d r o x y —I j - p r o l i n e  (123) w h ic h  i s  a  r e a d i l y  a v a i l a b l e  s t a r t i n g  m a t e r i a l .  
H e a t i n g  t h e  d i f o r m y l  com pound (121) w i t h  &c20 i n  t h e  p r e s e n c e  o f  e t h y l  
p r o p i o l a t e  g a v e  t h e  a d d u c t  (123a) a s  a  s i n g l e  p r o d u c t  i n  h i g h  y i e l d .
As show n  i n  Scheme 2 9 ,  t h e  p y r r o l e  (123a)  was d e f o r m y l a t e d  t o  g i v e  t h e
S ch em e
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f r e e  a l c o h o l  (12 3b) . I n  t h e  s u b s e q u e n t  h y d r o g e n a t i o n  i t  i s  t h i s
a l c o h o l  w h ic h  c o n t r o l s  t h e  s t e r e o c h e m i s t r y  o f  t h e  new c h i r a l  c e n t r e s
a t  C - l  a n d  C - 8 .  The a l c o h o l  i s  a t o  t h e  r i n g ,  s o  t h e  c i s - H  a to m s
a r e  d e l i v e r e d  f ro m  t h e  l e s s  h i n d e r e d  3~ fa .ce .  H e n c e ,  h y d r o g e n a t i o n  o f
p y r r o l e  (123b)  y i e l d e d  t h e  s a t u r a t e d  e s t e r  (124) w i t h  1R, 6R , 8R-
s t e r e o c h e m i s t r y . R e p la c e m e n t  o f  t h e  6 a - h y d r o x y  g r o u p  b y  c h l o r i n e
f o l l o w e d  b y  c a t a l y t i c  h y d r o g e n a t i o n  g av e  t h e  e s t e r  ( + ) -  ( 9 6 ) .  H y d r i d e
r e d u c t i o n  o f  e s t e r  (96) a f f o r d e d  o p t i c a l l y  p u r e  ( + ) - i s o r e t r o n e c a n o l  (5)
w h i c h  w as  i d e n t i c a l  i n  a l l  r e s p e c t s  t o  t h e  n a t u r a l  m a t e r i a l .  I t  w as
t h e n  n o t e d  t h a t  s i n c e  e s t e r  (9&) i s  t h e  l e s s  s t a b l e  en d o  i s o m e r ,  b a s e
t r e a t m e n t  s h o u l d  i n d u c e  e p i m e r i s a t i o n .  U s in g  NaOEt i n  EtOH, a c c o r d i n g
6 3t o  t h e  m e th o d  o f  B r a d a n g e  a n d  L u n d in  g av e  c o m p le t e  c o n v e r s i o n  t o  t h e  
1 - 8  i s o m e r  ( 1 2 5 ) .  H y d r i d e  r e d u c t i o n  g av e  t h e  a l c o h o l  ( + ) - t r a c h e l a n t h -  
a m i d i n e  ( 6 ) .  E s t e r  (96) w as a l s o  c o n v e r t e d  i n t o  ( + ) - s u p i n i d i n e  (11) 
u s i n g  t h e  same c o n d i t i o n s  a s  f o r  t h e  (±) - m i x t u r e . ^
R o b i n s  a n d  S a k d a r a t  t h e n  made t h e  c o r r e s p o n d i n g  8 a - c o m p o u n d s .
T h e y  d i d  t h i s  b y  e p i m e r i s i n g  a t  C-6  o f  p y r r o l e  (123) v i a  f o r m a t e  
s u b s t i t u t i o n  o f  t h e  C-6 t o s y l a t e .  T h i s  g a v e  t h e  ( - ) - e n a n t i o m e r  o f  
p y r r o l e  ( 1 2 3 ) ,  w h ic h  w as u s e d  t o  make ( - ) - i s o r e t r o n e c a n o l  ( 5 ) ,  ( - ) -  
t r a c h e l a n t h a m i d i n e  (6) a n d  ( - )  - s u p i n d i n e  (11) b y  t h e  same m e th o d s  a s  
a b o v e .
V e ry  r e c e n t l y ,  K e l l y  a n d  R o b in s  u s e d  t h e  d i o l  d e r i v e d  f r o m  e s t e r
(1 2 4 )  i n  t h e i r  s y n t h e s i s  o f  a  s e t  o f  m a c r o c y c l i c  p y r r o l i z i d i n e  a l k a l o i d  
64a n a l o g u e s .
The*, r e g i o c h e m i s t r y  o f  t h e  a d d i t i o n  o f  e t h y l  p r o p i o l a t e  t o  t h e  
a z o m e t h i n e  y l i d ,  a s  u s e d  i n  t h e  l a s t  few s y n t h e s e s ,  a p p e a r s  t o  b e  
c o m p l e t e l y  s e l e c t i v e .  How ever t h e  p r o d u c t  o b t a i n e d  i s  n o t  t h e  o n e
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w h i c h  w o u ld  b e  p r e d i c t e d  m e c h a n i s t i c a l l y .
^  f u l l  F r o n t i e r  M o l e c u l a r  O r b i t a l  (FMO) t r e a t m e n t  i s  n o t  p o s s i b l e  
d u e  t o  t h e  l a c k  o f  d a t a  on t h e  e n e r g i e s  o f  t h e  a z o m e t h i n e  y l i d e s  t h a t  a r e  
i n v o l v e d .  H o w e v e r ,  i t  i s  p o s s i b l e  t o  g i v e  a  q u a l i t a t i v e  d e s c r i p t i o n  
o f  t h e  s y s t e m ,  a n d  s o  j u s t i f y  t h e  r e s u l t i n g  r e g i o c h e m i s t r y . T h e r e  a r e  
tw o  q u e s t i o n s  f o r  e a c h  s y s t e m  t o  b e  e x a m in e d  . F i r s t l y ,  w h ic h  
c o m p o n e n t  s u p p l i e s  t h e  HOMO f o r  t h e  r e a c t i o n  a n d  w h ic h  t h e  LUMO?
S e c o n d l y ,  a r e  t h e  c o e f f i c i e n t s  o f  t h e  o r b i t a l s  s u c h  t h a t  l a r g e / l a r g e  
a n d  s m a l l / s m a l l  i n t e r a c t i o n s  a r e  m a x im is e d ,  t h u s  c o n t r o l l i n g  t h e  r e g i o ­
c h e m i s t r y ?
F o r  t h e  r e a c t i o n  o f  N - f o r m y l - L - p r o l i n e  (117) w i t h  e t h y l  p r o p i o l a t e
t h e  d i p o l e  i s  t h e  a z o m e t h i n e  y l i d e  ( 1 1 8 ) .  C a l c u l a t i o n s  h a v e  shown t h a t
a n  e l e c t r o n  w i t h d r a w i n g  g r o u p ,  su c h  a s  t h e  c a r b o n y l o x y  g r o u p  i n  (118) ,
c a u s e s  a  l o w e r in g  o f  t h e  LUMO e n e r g y  an d  a  s m a l l e r  l o w e r in g  o f  t h e  HOMO 
65e n e r g y .  T h e  a p p r o x i m a t e  e n e r g y  v a l u e s  a r e  shown i n  F i g u r e  7 ,  f o r
66t h e  o x a z o l o n e  a s  a  1 , 3 - d i p o l e  (1 1 8 ) .  P h o t o e l e c t r o n  s p e c t r o s c o p y
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i n d i c a t e s  t h a t  t h e  HOMO o f  an a l k y n e  i s  some 0 . 4  t o  0 . 9  eV l e s s  t h a n
t h a t  f o r  t h e  c o r r e s p o n d i n g  a l k e n e c The LUMO o f  t h e  a l k y n e  i s
v i r t u a l l y  i d e n t i c a l  t o  t h e  LUMO o f  t h e  a n a l o g o u s  a l k e n e ,  a s  c a n  b e  s e e n
f r o m  t h e  a p p r o x i m a t e  e n e r g y  v a l u e s  f o r  e t h y l  p r o p i o l a t e  ( a lk y n e )  a n d
66e t h y l  a c r y l a t e  a s  shown i n  F i g u r e  7 .
T h e  H0M0-LUM0 c o m b in a t io n  w h ic h  b e s t  m a tc h e s  t h e  e n e r g i e s  o f  t h e  
f r o n t i e r  o r b i t a l s  i s  c l e a r l y  t h e  HOMO o f  t h e  1 , 3 - d i p o l e  (118) a n d  t h e  
LUMO o f  t h e  d i p o l a r o p h i l e ,  e t h y l  p r o p i o l a t e .  T he e n e r g y  d i f f e r e n c e  i s  
7 . 7  eV , i n d i c a t i n g  a  dipole-HOMO c o n t r o l l e d  r e a c t i o n .
T he  r e g i o c h e m i s t r y  i s  c o n t r o l l e d  b y  t h e  o v e r l a p  o f  t h e  f r o n t i e r
o r b i t a l s  w h i c h  m a x im is e s  t h e  l a r g e / l a r g e  a n d  s m a l l / s m a l l  o r b i t a l
c o e f f i c i e n t  i n t e r a c t i o n s .  The HOMO i n  a  1 , 3 - d i p o l e  h a s  t h e  l a r g e s t
c o e f f i c i e n t  o n  t h e  a n i o n i c  c a r b o n .  F o r  an  a z o m e t h i n e  y l i d e ,  s u c h  a s
( 1 1 8 ) ,  b o t h  o f  t h e  c a r b o n  a tom s b e a r  s u b s t a n t i a l  n e g a t i v e  c h a r g e s  ( - 0 . 1 4
t o  - 0 . 2 1  f o r  t h e  " n e u t r a l "  c a r b o n ,  - 0 . 2 1  t o  - 0 . 4 0  f o r  t h e  " a n i o n i c "
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c a r b o n  a n d  + 0 . 2 3  t o  + 0 .4 7  f o r  t h e  c e n t r a l  n i t r o g e n  a t o m ) .  T he HOMO
a n d  t h e  LUMO o f  an  a l k y n e  (o r  a l k e n e )  h a s  t h e  l a r g e r  c o e f f i c i e n t  a t  t h e  
u n s u b s t i t u t e d  e n d  when a t t a c h e d  t o  an  e l e c t r o n  w i t h d r a w i n g  g r o u p
E 4 
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( F i g u r e  8) . T h i s  r e a s o n i n g ,  h o w e v e r ,  l e a d s  t o  t h e  p r e d i c t i o n  o f  t h e  
w ro n g  r e g i o c h e m i s t r y . T h i s  i n c o n s i s t e n c y  i s  m o s t  l i k e l y  due  t o  t h e  
e f f e c t  o f  h a v i n g  e l e c t r o n - w i t h d r a w i n g  a n d  r e l e a s i n g  s u b s t i t u e n t s  o n  t h e  
e n d s  o f  t h e  d i p o l a r o p h i l e .  I t  may b e  t h a t  t h e  c a r b o n y l o x y  g r o u p
r e d u c e s  t h e  c o e f f i c i e n t  a t  t h e  " a n i o n i c "  e n d  o f  t h e  d i p o l e  a n d  c o u p l e d  
w i t h  a n  i n c r e a s e  i n  t h e  c o e f f i c i e n t  a t  t h e  " n e u t r a l "  e n d  d u e  t o  t h e  o x y -  
s u b s t i t u e n t ,  t h i s  c o u l d  l e a d  t o  t h e  r e g i o c h e m i s t r y  o b s e r v e d .
C l e a r l y  m ore  d a t a  on t h e  c o e f f i c i e n t s  a n d  e n e r g y  l e v e l s  a r e  
r e q u i r e d  t o  e x p l a i n  t h i s  phenom enon f u l l y ,  a n d  t o  e n a b l e  p r e d i c t i o n s  t o  
b e  m a d e .
3 . 3  C o n c l u s i o n s
I t  i s  c l e a r  f r o m  t h e  p r e v i o u s  s e c t i o n  t h a t  t h e  s y n t h e t i c  m e th o d s  
t o w a r d s  t h e  p y r r o l i z i d i n e  b a s e s  r a n g e  f ro m  t h e  s h o r t  a n d  s i m p l e  t o  t h e  
l o n g  a n d  c o m p le x ;  some a r e  t o t a l  s y n t h e s e s  w h i l e  o t h e r s  a r e  m o d i f i c a t i o n s  
o f  n a t u r a l l y  d e r i v e d  m a t e r i a l s .
T he l a s t  t e c h n i q u e  i s  one  w h ic h  was u s e d  i n  t h e  r o u t e  t o  a  r a d i o ­
l a b e l l e d  b i o s y n t h e t i c  i n t e r m e d i a t e  a n d  w i l l  b e  d i s c u s s e d  i n  t h e  s e c o n d  
p a r t  o f  C h a p t e r  6 .  I n  a n o t h e r  a p p r o a c h ,  t h e  1 , 3 - d i p o l a r  c y c l o a d d i t i o n
m e th o d  w as c h o s e n  i n  t h e  a t t e m p t e d  s y n t h e s i s  o f  a  b i o l o g i c a l l y  i n t e r e s t i n g  
n e c i n e  b a s e .  T h i s  w i l l  b e  d i s c u s s e d  i n  t h e  f i r s t  p a r t  o f  C h a p t e r  6 .
CHAPTER 4.
SYNTHESIS OF MACROCYCLIC PYRROLIZIDINE ALKALOIDS AND ANALOGUES.
4 . 1  I n t r o d u c t i o n
T h e  r a n g e  o f  b i o l o g i c a l  a c t i v i t i e s ,  p a r t i c u l a r l y  h e p a t o t o x i c i t y , 
a n d  t h e  w i d e s p r e a d  o c c u r r e n c e  o f  t h e  p y r r o l i z i d i n e  a l k a l o i d s  h a s  
f o c u s s e d  a t t e n t i o n  upon  th e m . The m ain  t o x i c  e f f e c t  o f  t h e  
a l k a l o i d s  i s  t h o u g h t  t o  b e  due  t o  t h e  p r e s e n c e  o f  an  a l l y l i c  e s t e r  
f u n c t i o n  w i t h  t h e  d o u b l e  b o n d  a s  p a r t  o f  t h e  p y r r o l i z i d i n e  n u c l e u s .
T h e  m o s t  t o x i c  o f  t h i s  c l a s s  o f  compounds a r e  t h e  m a c r o c y c l i c  d i e s t e r s ,  
f o r m e d  b y  t h e  d o u b l e  e s t e r i f i c a t i o n  o f  a  n e c i c  d i a c i d  w i t h  a  p y r r o ­
l i z i d i n e  d i o l  o r  t r i o l .  N a t u r a l l y  o c c u r r i n g  d i e s t e r s  w i t h  r i n g  
s i z e s  o f  1 1 - 1 4  h a v e  b e e n  i s o l a t e d . ^ -
To a l l o w  t h e  d e v e lo p m e n t  o f  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s ,  
a l k a l o i d s  a n d  r e l a t e d  a n a l o g u e s  h a v e  b e e n  d e v e l o p e d .  T h e s e  w i l l  b e  
r e v i e w e d  i n  t h e  n e x t  s e c t i o n .
4 . 2  M a c r o c y c l i c  P y r r o l i z i d i n e  D i e s t e r s
T h e  fe w  s y n t h e s e s  o f  m a c r o c y c l i c  d i e s t e r s ,  w h ic h  h a v e  b e e n  
r e p o r t e d ,  h a v e  a p p e a r e d  i n  t h e  l a s t  e i g h t  o r  n i n e  y e a r s .  T he  f i r s t ,
/■ n
b y  R o b i n s  a n d  S a k d a r a t ,  was t h e  p r e p a r a t i o n  o f  an  11 -m em bered  d i e s t e r
(126 )  o f  ( + ) - r e t r o n e c i n e  ( 3 ) .  The i m p o r t a n t  s t e p  i n  t h i s ,  a n d  i n
e a c h  o f  t h e  s u b s e q u e n t  s y n t h e t i c  r o u t e s  i s  t h e  m e th o d  o f  a c t i v a t i o n  o f
t h e  d i a c i d  p o r t i o n  t o w a r d s  t h e  n e c i n e  d i o l .  The p a r t i c u l a r  s o l u t i o n
68
i n  t h i s  c a s e  w as  t o  u s e  t h e  C o re y —N i c o l a o u  d o u b l e  a c t i v a t i o n  m e th o d .  
W i th  t h i s  t e c h n i q u e  t h e  c a r b o n y l  g ro u p  i s  a c t i v a t e d  b y  t h e  f o r m a t i o n  
o f  a  p y r i d i n e - 2 - t h i o l  e s t e r ,  an d  t h e  h y d r o x y l  i s  a c t i v a t e d  b y  i n t r a ­
m o l e c u l a r  p r o t o n  t r a n s f e r ,  a s  shown i n  F i g u r e  9 .
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T h i s  t r a n s f e r  i s  p r o m o t e d  b y  t h e  f o r m a t i o n  o f  t h e  H -b o n d e d  
i n t e r m e d i a t e  I I  w h i c h  s p o n t a n e o u s l y  c y c l i s e s ,  u n d e r  t h e  r e a c t i o n  
c o n d i t i o n s ,  t o  g i v e  I I I .  E l i m i n a t i o n  o f  2 - p y r i d i t h i o n e  g i v e s  t h e  
d e s i r e d  l a c t o n e  p r o d u c t .
The f u l l  r e p o r t  o f  t h e  s y n t h e s i s  o f  d i l a c t o n e  (126)  a n d  a  s e t
69
o f  s i m i l a r  co m pounds  (127  -  131) was p u b l i s h e d  l a t e r  (Schem e 3 0 ) .
70 . ,T r e a t m e n t  o f  ( + ) - r e t r o n e c i n e ,  o b t a i n e d  f ro m  n a t u r a l  s o u r c e s ,  w i t h
3 , 3 - d i m e t h y l g l u t a r i c  a n h y d r i d e  g a v e  a  m i x t u r e  o f  t h e  9 — a n d  7 -  mono­
e s t e r s  (132)  a n d  (133)  w h ic h  p r e c i p i t a t e d  f ro m  t h e  c h l o r o f o r m  s o l u t i o n .  
T h e r e  w as  no  e v i d e n c e  o f  a n y  d i e s t e r  f o r m a t i o n ,  w h i c h  may h a v e  b e e n  
b e c a u s e  t h e  z w i t t e r i o n i c  m o n o e s t e r  p r e c i p i t a t e d  i m m e d i a t e l y .  To
69
e f f e c t  t h e  l a c t o n i s a t i o n , t h e  9 -  a n d  7 -  p y r i d i n e - 2 - t h i o l  e s t e r s  (134) 
a n d  (1 3 5 )  w e re  fo r m e d  b y  t h e  a d d i t i o n  o f  2 , 2 '  - d i t h i o d i p y r i d i n e  (136) 
a n d  t r i p h e n y l  i -  p h o s p h i n e  ( 1 3 7 ) .  T he t h i o e s t e r  m i x t u r e  w as  t h e n  
a d d e d  t o  r e f l u x i n g  c h l o r o f o r m .  A f t e r  l a c t o n i s a t i o n  a t  h i g h  d i l u t i o n  
w as  c o m p l e t e ,  t h e  p r o d u c t  w as p u r i f i e d  b y  p r e p a r a t i v e  t h i n  l a y e r  
c h r o m a t o g r a p h y .
I
T he m o s t  n o t a b l e  f e a t u r e  o f  t h e  H n . m . r  s p e c t r u m  o f  (126) w as
t h e  AB s y s t e m  ( J  12 Hz) o b s e r v e d  f o r  t h e  two d i a s t e r e o t o p i c  p r o t o n s
a t  C - 9 .  T he c h e m i c a l  s h i f t  d i f f e r e n c e  [ A6(H—9 ) ]  b e t w e e n  t h e s e
p r o t o n s  w as f o u n d  t o  b e  1 .2 4  ppm. T h i s  f e a t u r e  a l o n g  w i t h  t h e  o t h e r
- 1
s p e c t r a l  d a t a ,  p a r t i c u l a r l y  t h e  i . r .  c a r b o n y l  f r e q u e n c y  a t  1738  cm , 
p r o v i d e d  c o n v i n c i n g  e v i d e n c e  t h a t  t h e  d i l a c t o n e  h a d  f o r m e d .  A s i m i l a r  
n o n - e q u i v a l e n c e  i n  t h e  p r o t o n s  a t  C -9  w as a l s o  s e e n  i n  a n a l o g u e s  (127) 
( 1 2 8 ) ,  (130) a n d  (131)  w i t h  A6(H-9) v a l u e s  o f  1 . 2 3 ,  0 . 6 2 ,  0 . 5 1  a n d  0 . 9 9  
p . p . m .  r e s p e c t i v e l y .
V e ry  s h o r t l y  a f t e r  t h i s ,  D e v l i n  a n d  R o b in s  r e p o r t e d  t h e  f i r s t
71
s y n t h e s i s  o f  a  n a t u r a l l y  o c c u r r i n g  m a c r o c y c l i c  a l k a l o i d ,  d i c r o t a l i n e  
( 1 3 8 ) ,  a n d  i t s  C -1 3  e p i m e r  ( 1 3 9 ) .  U s in g  t h e  same l a c t o n i s a t i o n  
m e th o d  a s  a b o v e ,  r e a c t i o n  o f  ( + ) - r e t r o n e c i n e  w i t h  3 -C ^ -T M S -3 -h y d ro x y -3 -  
m e t h y l g l u t a r i c  a n h y d r i d e ,  g a v e  a  m i x t u r e  o f  two b a s i c  c o m p o u n d s ,  o n e  
o f  w h i c h  w as c o i n c i d e n t  o n  t . l . c .  w i t h  a u t h e n t i c  d i c r o t a l i n e  ( 1 3 8 ) .
T h e  tw o  w e re  s e p a r a t e d  b y  p r e p a r a t i v e  t . l . c .  an d  i d e n t i f i e d  a s  
d i c r o t a l i n e  (138) a n d  i t s  C -13  i s o m e r  ( 1 3 9 ) .  A g a i n ,  b o t h  d i e s t e r s  h a d  
a n  AB s y s t e m  i n  t h e i r  H n . m . r .  s p e c t r a  c o r r e s p o n d i n g  t o  t h e  C -9  
p r o t o n s ,  w i t h  A 6(H -9) 1 .2 4  p . p . m .  f o r  d i c r o t a l i n e  (138) a n d  0 . 9 8  p . p . m  
f o r  i t s  e p i m e r  ( 1 3 9 ) .  I n  a d d i t i o n ,  t h e  s t e r e o c h e m i s t r y  a t  t h e  C -1 3  
p o s i t i o n  i n  e a c h  w as i d e n t i f i e d  b y  h y d r o g e n o l y s i s  o f  t h e  a l l y l i c  e s t e r ,
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s e l e c t i v e  r e d u c t i o n  o f  o n e  o f  t h e  c a r b o n y l  g r o u p s  a n d  l a c t o n i s a t i o n  
t o  g i v e  o p t i c a l l y  a c t i v e  m e v a l o n o l a c t o n e s .
72A s i m i l a r  s y n t h e s i s  by  Brown e t  a l . ,  p r o d u c e d  t h e  tw o
d i a s t e r e o m e r s  (12R,  14S) — an d  ( 1 2 s ,  14R) — 1 2 , 1 4 —d i m e t h y l —1 , 2 —d i d e h y d r o -
c r o t a l i n e  (140)  a n d  ( 1 4 1 ) ,  r e s p e c t i v e l y .  T h e s e  w e re  made t o
i n v e s t i g a t e  w h a t  b i o l o g i c a l  e f f e c t  w o u ld  b e  o b s e r v e d  b y  s t e r i c  h i n d r a n c e
a r o u n d  t h e  e s t e r  g r o u p s .  H y d r o l y s i s  o f  s u c h  e s t e r  g r o u p s  i s  t h o u g h t
3t o  b e  a  k e y  s t e p  i n  t h e  d e t o x i f i c a t i o n  o f  p y r r o l i z i d i n e  a l k a l o i d s .
T h e  tw o  d i l a c t o n e s  w e r e  made a s  a b o v e ,  c o u p l i n g  ( + ) - r e t r o n e c i n e  (4) 
w i t h  me s o - 2 , 4 - d im e t h y 1 g l u t a r i c  a n h y d r i d e .  S e p a r a t i o n  o f  t h e  
d i l a c t o n e s  b y  co lu m n  c h r o m a to g r a p h y  on  b a s i c  a l u m i n a  g a v e  (140) a n d  (141) 
i n  33 a n d  24% y i e l d s  r e s p e c t i v e l y . T he  a b s o l u t e  s t e r e o c h e m i s t r y  o f  
e a c h  a n a l o g u e  w as a s s i g n e d  b y  c h e m i c a l  d e g r a d a t i o n  o f  e a c h  o f  t h e  
m a c r o c y c l i c  d i e s t e r s  i n t o  o p t i c a l l y  a c t i v e  t e t r a h y d r o - 3 , 5 - d i m e t h y l - 2 H -  
p y r a n - 2 - o n e s  (1 4 2 )  a n d  (143) (Scheme 3 1 ) .  C o m p a r is o n  w i t h  known
c o m p o u n d s  g a v e  t h e  s t e r e o c h e m i c a l  a s s i g n m e n t s  o f  d i e s t e r s  (140) a n d  
( 1 4 1 ) .  A d d i t i o n a l l y ,  an  X - r a y  c r y s t a l  a n a l y s i s  o f  t h e  (1 2 S ,  1 4 R )-
i s o m e r  (141)  c o n f i r m e d  t h e  s t r u c t u r e  a n d  s t e r e o c h e m i s t r y .  I t  w as  a l s o  
s e e n  t h a t  t h e  tw o  e s t e r  c a r b o n y l  g r o u p s  a r e  s y n - p a r a l l e l  a n d  d i r e c t e d  
b e l o w  t h e  p l a n e  o f  t h e  r i n g .
A l l  o f  t h e  a b o v e  s y n t h e s e s  h a v e  b e e n  o f  11 -m em bered  m a c r o c y c l i c  
e s t e r s ,  some o f  w h ic h  a r e  fo u n d  i n  n a t u r e .  T h e r e  a r e  no n a t u r a l
e x a m p l e s  o f  10—m em bered  m a c r o c y c l i c  e s t e r s  o f  ( + ) - r e t r o n e c i n e  a l t h o u g h  
s u c c i n i c  a c i d  d e r i v a t i v e s  a r e  p r e s e n t  i n  p l a n t s .
T h e  f i r s t  s y n t h e s i s  o f  1 0 -m e m b e re d  m a c r o c y c l i c  d i l a c t o n e s  o f
73
( + ) —r e t r o n e c i n e  (3) w as r e p o r t e d  b y  B u r to n  and R o b in s .  T h e s e  w e r e
m ade b y  t h e  r e a c t i o n  o f  ( + ) —r e t r o n e c i n e  w i t h  s u c c i n i c  a n h y d r id e ,  ( + ) -
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t r a n s  c y c l o h e x a n e  d i c a r o o x y l i c  a n h y d r i d e  a n a  p h t h a l i c  a n h y d r i d e ,  
f o l l o w e d  b y  l a c t o n i s a t i o n  v i a  t h e  p y r i d i n e - 2 —t h i o l  e s t e r s .  T h i s  
g a v e  t h e  f o u r  com pounds  ( 1 4 4 ) ,  ( 1 4 5 ) ,  (146) a n d  ( 1 4 7 ) ,  D i e s t e r s  (145)  
a n d  (146 )  w e r e  f o r m e d  a s  an  i n s e p a r a b l e  d i a s t e r e o m e r i c  p a i r .  An 
X - r a y  s t r u c t u r e  a n a l y s i s  o f  t h e  s u c c i n a t e  d i e s t e r  (144)  show ed  t h a t  
t h e  tw o  e s t e r  c a r b o n y l  g r o u p s  a d o p t  an  a n t i p a r a l l e l  c o n f o r m a t i o n .
T h e  r e l a t i v e l y  low  y i e l d  f o r  d i l a c t o n e  (147) l e d  B u r t o n  an d  
R o b i n s  t o  d e s i g n  a  r o u t e  w h ic h  w ou ld  g i v e  i m p r o v e d  y i e l d s  when t h e  
d i a c i d  p o r t i o n  c o n t a i n s  an  u n s a t u r a t e d  o r  a r o m a t i c  g r o u p . ^
75I t  h a d  b e e n  shown p r e v i o u s l y  t h a t  t h e  ( - ) —h y d r o c h l o r i d e  o f  (7R , 
8 R ) - 1 - c h l o r o m e t h y  1 - 1 , 2 - d i d e h y d r o - 7 - h y d r o x y - p y r r o l i z i d i n e  (148) c a n  b e  
u s e d  t o  fo rm  C -9  e s t e r s  o f  r e t r o n e c i n e  b y  t r e a t m e n t  w i t h  t h e  s a l t s  o f  
v a r i o u s  a c i d s .  The a l l y l i c  c h l o r i d e  (148) w as made b y  t r e a t m e n t
o f  r e t r o n e c i n e  w i t h  t h i o n y l  c h l o r i d e .  R e a c t i o n  o f  (148) w i t h  
p h t h a l i c  a n h y d r i d e  f o l l o w e d  b y  t r e a t m e n t  w i t h  b a s e  g a v e  t h e  d e s i r e d  
m a c r o c y c l i c  d i e s t e r  ( 1 4 7 ) .  V a r i o u s  b a s e s  w e re  t r i e d ,  i n c l u d i n g  
N , N - d i i s o p r o p y l e t h y l a m i n e  ( H u n i g ' s  b a s e )  a n d  p o t a s s i u m  h y d r o x i d e ,  b u t  
t h e  b e s t  y i e l d  (57%) o f  t h e  d i e s t e r  (147) w as o b t a i n e d  u s i n g  1 , 8 -  
d i a z a b i c y c l o [ 5 . 4 . 0 ] u n d e c - 7 - e n e  (DBU) a s  b a s e .  S i x  new t e n - m e m b e r e d  
d i e s t e r s  (149)  — ( 1 5 4 ) ,  o n e  e le v e n -m e m b e re d  (155)  a n d  o n e  t w e l v e -  
m e m b e re d  (156) m a c r o c y c l i c  d i l a c t o n e s  w e re  made b y  t h i s  m e th o d .
44
A r a t h e r  d i f f e r e n t  s t r a t e g y  was a d o p t e d  b y  N a r a s a k a  e t  a l . i n  
t h e  f i r s t  s y n t h e s i s  o f  t h e  12-m em bered  m a c r o c y c l i c  a l k a l o i d ,  i n t e g e r r -  
i m i n e  ( 1 5 7 ) .  T he  s t r a t e g y  b e h i n d  t h e  s y n t h e s i s  w as t o  p r o d u c e
s u i t a b l y  p r o t e c t e d  r e t r o n e c i n e  (3) and  i n t e g e r r i n e c i c  a c i d  ( 1 5 8 ) ,  c o u p l e  
t h e  tw o  f o r m i n g  a n  a(3—u n s a t u r a t e d  e s t e r ,  a n d  t h e n  l a c t o n i s e .  I n  t h e  
p r o d u c t i o n  o f  t h e  i n t e g e r r i n e c i c  a c i d  (158) t h e  m e t h y l t h i o m e t h y l  CMTM)
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g r o u p  w as  u s e d  t o  g r e a t  e f f e c t .  MTM e s t e r s  w e re  made by  r e a c t i o n
o f  t h e  c a r b o x y l a t e  w i t h  IITM c h l o r i d e ,  a n d  w e r e  rem oved  b y  o x i d a t i o n
t o  t h e  s u l p h o n e  f o l l o w e d  b y  a q u e o u s  a l k a l i n e  h y d r o l y s i s .  The (+)
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m t e g e n n e c i c  a c i d  l a c t o n e  (159) w a s  o p e n e d  and  p r o t e c t e d  a s  t h e  
m o n o - a c i d  a n h y d r i d e  (158b)
(+.)“ R e t r o n e c i n e  (3) w as  p r o d u c e d  a c c o r d i n g  t o  t h e  m e th o d  o f  
42
G e is s m a n  ( s e e  C h a p t e r  j  ) and  p r o t e c t e d  a s  t h e  9 - 0 - t e r t - B u t y l d i m e t h y l -  
s i l y l  (TBDMS) e t h e r  (160) . R e a c t i o n  o f  t h i s  w i t h  t h e  a c i d  a n h y d r i d e
(1 5 8 )  g a v e  t h e  e s t e r  (161) (Scheme 3 2 ) .  T he  l a c t o n i s a t i o n  w a s
c a r r i e d  o u t  b y  a  n o v e l  m e th o d .  The w o r k e r s  h a d  n o t i c e d  t h a t  i f  an
a l k o x i d e  w a s  u s e d  i n  p l a c e  o f  a  h y d r o x i d e ,  i n  t h e  r e m o v a l  o f  t h e  MTM 
g r o u p ,  t h e n  t h e  p r o d u c t  w as  an e s t e r .  T h e r e f o r e ,  t h e  TBDMS g r o u p  w a s
s e l e c t i v e l y  r e m o v e d ,  a f t e r  o x i d a t i o n  o f  t h e  t h i o m e t h y l  t o  t h e  s u l p h o n e .  
F o r m a t i o n  o f  the UtVuan a l k o x i d e  a f f e c t e d  c y c l i s a t i o n ,  i n  41% y i e l d ,  g i v i n g  
t h e  two i s o m e r s  (162a)  a n d  ( 1 6 2 b ) .  T h e s e  w e r e  s e p a r a t e d  b y  p r e p a r a t i v e
t . l . c .  o n  a l u m i n a  a f f o r d i n g  , a f t e r  a c i d  h y d r o l y s i s ,  (+) i n t e g e r r i m i n e  
(1 5 7 )  .
79Masamune e t  a l .  d e v e l o p e d  a  new m e th o d  f o r  r i n g  c l o s u r e  t o  
g i v e  m a c r o c y c l i c  l a c t o n e s ,  u s i n g  t e r t - b u t y l  t h i o e s t e r s  and  m e r c u r i c  
t r i f l u o r o a c e t a t e  o r  t r i f l u o r o m e t h a n e s u l p h o n a t e  (Scheme 33) . I t  i s  
t h o u g h t  t h a t  t h e  s p e c i e s  i n  F i g u r e  10 i s  a  r e a c t i o n  i n t e r m e d i a t e  r a t h e r  
t h a n  t h e  c a r b o x y l i c  t r i f l u o r o a c e t i c  a c i d  a n h y d r i d e .  O t h e r  t h i o p h i l i c
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c a t i o n s , s u c h  a s  Ag , Cu a n d  Cu c a n  a l s o  b e  u s e d  i n  p l a c e  o f  H g " ^ .
U s in g  t h e  a b o v e  s t r a t e g y  i n  t h e  l a c t o n i s a t i o n  s t e p ,  Huang a n d
M eirsv a id  d e v i s e d  a  s y n t h e s i s  o f  c r c b a r b a t i n e  a c e t a t e  (1 6 3 a )  a n d  a
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d i a s t e r e o m e r  (1 6 3 b )  . H a v in g  e s t a b l i s h e d  t h a t  a  t r a n s - c r o b a r b a t i c
a c i d  l a c t o n e  (164)  c o r r e s p o n d e d  t o  t h e  d i a c i d  p o r t i o n  o f  t h e  a l k a l o i d ,
t h e y  s e t  a b o u t  t o  c o n d e n s e  a  s u i t a b l y  p r o t e c t e d  ( + ) - t r a n s - c r o b a r b a t i c
a c i d  l a c t o n e  (164 )  w i t h  ( + ) - r e t r o n e c i n e  ( 3 ) .  T he p r o t e c t i o n  s t e p s
w e r e  (Scheme 34) t h e  f o r m a t i o n  o f  t h e  m e th y le n e  c h l o r i d e  s o l u b l e
- t r i  m e t h y l  a lu m in iu m  s a l t  (165) w h ic h  w as  e a s i l y  c o n v e r t e d  i n t o  t h e  t e r t -
b u t y l t h i o  e s t e r  (166) a n d  t h e n  i n t o  t h e  a c y l a t e d  i m i d a z o l i d e  ( 1 6 7 ) .
C o u p l i n g  w i t h  ( + ) - r e t r o n e c i n e  g a v e  m o n o e s t e r  (168) w h i c h  w a s  l a c t o n i s e d
79u s i n g  t h e  c o p p e r  ( I )  t r i f l u o r o m e t h a n e s u l p h o n a t e - b e n z e n e  c o m p le x .
T h i s  g a v e  r i s e  t o  tw o  d i a s t e r e o m e r i c  c o m p o n e n ts  w h i c h  w e r e  s e p a r a t e d  
t o  g i v e  (1 6 3 a )  a n d  ( 1 6 3 b ) .
T he  c o n f i g u r a t i o n s  o f  (163a) a n d  (163b) w e r e  d e t e r m i n e d  b y
h y d r o l y s i s  a n d  c o m p a r i s o n  o f  t h e  C o t t o n  c u r v e s  o f  t h e  a c i d s  o b t a i n e d
81
w i t h  o t h e r  f i v e - m e m b e r e d  l a c t o n i c  a c i d s .  D e a c y l a t i o n  o f  e i t h e r  o f
t h e  a c e t a t e s  (1 6 3 a )  a n d  (163b)  p r o v e d  t o  b e  v e r y  d i f f i c u l t ' g i v i n g  o n l y  
t h e  d e a c y l a t e d  v e r s i o n  o f  (163b) , i n  lew y i e l d .  S i n c e  t h e  a u t h o r s
c o u l d  n o t  o b t a i n  an  a u t h e n t i c  s a m p le  o f  c r c f o a r b a t i n e  o r  i t s  a c e t a t e  
( 1 6 3 a ) ,  t h e y  w e r e  u n a b l e  t o  s a y  w h i c h  o f  t h e i r  p r o d u c t s  c o r r e s p o n d e d  
t o  t h e  n a t u r a l  p r o d u c t .
A d i f f e r e n t  l a c t o n i s a t i o n  m e th o d  w as  u s e d  b y  V e d e j s  e t  a l . i n
82t h e i r  s y n t h e s e s  o f  m o n o c r o t a l i n e  ( 1 6 9 a ) , f u l v i n e  (169b)  a n d  c r i s p a t i n e  
( 1 6 9 c ) . 83 E a c h  o f  t h e s e  u s e d  a  f l u o r i d e  i n d u c e d  c y c l i s a t i o n  o f  a
c a r b o x y l a t e  w i t h  a  m e s y l a t e  (Scheme 3 5 ) ,  t o  g i v e  t h e  d e s i r e d  p r o d u c t
81
(169 a) R ^ O H ,  R2=CH3 , r 3=oh
(169b) R,=OH, R =CH-j, R-,=H2 3
(169 c) R =CH_ , R =OH, R =H1  3 ' 2
0M0M
(CH.)_Al0CHnCHoSi(CH_)
h3c omom 
h3c. n 3 c  ^ ch3
H0-^0 CPN)R
(170) (171) R=CH2CH2S i(C H 3 )
®  e
Li 0 OTBDMS
2) ( E tO ) oP 0 C l
(171)
OMOM
(l73a)R=CH CH2S i(C H 3 )
R 1 =  TBDMS
( l73b )  R=CH2CH2S i  (CH3 ) 3
R = S 0 2CH3
Scheme 35
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i n  a. p r o t e c t e d  fo rm .  T h e  d i a c i d  p o r t i o n  f o r  e a c h  a l k a l o i d  w as  
c o n v e r t e d  i n t o  t h e  p r o t e c t e d  a n h y d r i d e  ( 1 7 0 ) ,  s e l e c t i v e l y  r i n g  o p e n e d  
t o  g i v e  t h e  l e s s  h i n d e r e d  m o n o a c id  ( 1 7 1 ) ,  and  t h e n  a c t i v a t e d  a s  t h e  
p h o s p h o r i c  a n h y d r i d e .  T h i s  i s  shewn i n  Scheme 35 f o r  t h e  c r i s p a t i n e  
s y n t h e s i s . T he a n h y d r i d e  w a s  c o u p l e d  t o  t h e  p r o t e c t e d  r e t r o n e c i n e  
a l k o x i d e  (172) g i v i n g  t h e  e s t e r  (173a) w h i c h  w a s  t h e n  s e l e c t i v e l y  
d e s i l y l a t e d  a n d  m e s y l a t e d  t o  g i v e  t h e  e s t e r  ( 1 7 3 b ) . T r e a t m e n t  o f  t h i s
e s t e r  (173b)  w i t h  t e t r a - n - b u t y l  ammonium f l u o r i d e  r e l e a s e d  t h e  f r e e  
c a r b o x y l a t e  w h i c h  s p o n t a n e o u s l y  c y c l i s e d  t o  g i v e  ( + ) - c r i s p a t i n e  (1 6 9 c )  
i n  i t s  p r o t e c t e d  f o r m .  D e p r o t e c t i o n  g a v e  m a t e r i a l  w h i c h  w a s  i d e n t i c a l
t o  t h e  a u t h e n t i c  n a t u r a l  p r o d u c t .  The s y n t h e s e s  o f  ( + ) - f u l v i n e  a n d
( + ) ~ m o n o c r o t a l i n e  w e r e  c a r r i e d  o u t  i n  a s i m i l a r  f a s h i o n .
T h e  l a c t o n i s a t i o n  b y  i n t r a m o l e c u l a r  d i s p l a c e m e n t  o f  a  m e s y l a t e
w a s  a l s o  u s e d  i n  t h e  s y n t h e s i s  o f  i n t e g e r r i m i n e  (161) b y  W h i te  a n d  
84O h i r a .
A l l  o f  t h e  p r e v i o u s  s y n t h e s e s  h a v e  i n v o l v e d  t h e  u s e  o f  ( + ) -  o r  
(+ ) - r e t r o n e c i n e . H o w e v e r ,  r e c e n t l y  some d i f f e r e n t  d i o l s  h a v e  b e e n
u s e d  t o  make m a c r o c y c l i c  d i e s t e r s .  A d i a s t e r e o i s o m e r  o f  (+ )--r e t r o ­
n e c i n e  (3) , ( + ) - h e l i o t r i d i n e  (12) h a s  b e e n  i n c o r p o r a t e d  a s  t h e  b a s e
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p o r t i o n  o f  a  s e t  o f  new 11—m em bered m a c r o c y c l i c  a n a l o g u e s .  T he
n e c i n e  (12) w a s  o b t a i n e d  b y  b a s i c  h y d r o l y s i s  o f  t h e  a l k a l o i d s  e x t r a c t e d  
f ro m  C y n o g l o s s u m  o f f i c i n a l e . The l a c t o n i s a t i o n  s t e p  w a s  c a r r i e d  o u t  
a f t e r  t h e  f o r m a t i o n  o f  t h e  p y r i d i n e —2—t h i o l - e s t e r s , g i v i n g  t h e  l a c t o n e s  
( 1 7 4 a  -  e ) . A l l  s p e c t r o s c o p i c  d a t a  w e r e  c o n s i s t e n t  w i t h  t h e  f o r m a t i o n  
o f  11 -m e i rb e re d  m a c r o c y c l i c  d i e s t e r s .  An i m p o r t a n t  f e a t u r e  i n  e a c h
o f  t h e  n . m . r .  s p e c t r a  w a s  t h e  AB s y s t e m  due  t o  t h e  d i a s t e r e o t o p i c  
p r o t o n s  a t  C - 9 .  The A<5(H-9) v a l u e s  w e r e  i n  t h e  r a n g e  0 . 1 2  -  0 . 7 4
p . p . m .
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As a  r e s u l t  o f  t h e  l e n g t h y  p r o c e d u r e s  i n v o l v e d  i n  b o t h  t h e  
s y n t h e s i s  a n d  e x t r a c t i o n  o f  t h e  u n s a t u r a t e d  n e c i n e  d i o l s  r e g u i r e d  f o r  
t h e  a b o v e  s y n t h e s e s ,  i t  w a s  d e c i d e d  t o  l o o k  f o r  a  m ore  a c c e s s i b l e  
n e c i n e  o r  a n a l o g u e .  M a t t o c k s  h a d  shewn p r e v i o u s l y  t h a t  2 , 3 - b i s -  
( h y d r o x y m e t h y l ) -  1 - m e t h y l —2 , 5 - d i h y d r o p y r r o l e  (175) ( s y n t h a n e c i n e  A) 
c o u l d  b e  made an d  t h a t  i t s  d i e s t e r  d e r i v a t i v e s  c a u s e d  s i m i l a r  dam age
3
t o  a n i m a l  l i v e r s  a s  t h a t  c a u s e d  b y  p y r r o l i z i d i n e  a l k a l o i d s .
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B a r b o u r  a n d  R c b in s  u s in g  a m o d i f i e d  s y n t h e s i s  o f  ( + ) - s y n t h a n e -
8 7c i n e  A (175) a s  sh ew n  i n  Schem e 3 6 ,  made a s e r i e s  o f  10- an d  1 1 -  
86
m enibered  m a c r o c y c l i c  d i e s t e r s  w i t h  v a r i o u s  s u b s t i t u t e d  s u c c i n i c
an d  g l u t a r i c  a n h y d r id e s .  L a c t o n i s a t i o n  w a s  a c h ie v e d  v i a  t h e
p y r i d i n e - 2 - t h i o l  e s t e r s .  U s in g  t h e  s y n t h a n e c i n e  A d e r i v a t i v e ,
( + ) -  3- c h l o r o m e t h y l -  2 - h y d r o x y - m e t h y l -  1 -m e t h y l -  2 ,5 -  d i h y d r o p y r r o l i u m
c h l o r i d e  ( 1 7 6 ) ,  t h e y  made a  s e t  o f  d i f f e r e n t  10- a n d  11 -m em b ered
88m a c r o c y c l i c  d i e s t e r s  o f  s y n t h a n e c i n e  A ( 1 7 5 ) .  I n  a d d i t i o n ,  u s i n g
a  c o n t o i n a t i o n  o f  t h e  p r e v i o u s  tw o e s t e r i f i c a t i o n  m e th o d s  t h e y
s y n t h e s i s e d  a s e t  o f  m a c r o c y c l i c  d i e s t e r s  o f  ( + ) - s y n t h a n e c i n e  A
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c o n t a i n i n g  12- t o  1 6 ^m eirbe red  r i n g s .
64
V er y  r e c e n t l y ,  K e l l y  and R c b in s  h a v e  r e p o r t e d  t h e  s y n t h e s i s
o f  a  s e t  o f  m a c r o c y c l i c  d i e s t e r s  u s i n g  a  s y n t h e t i c ,  s a t u r a t e d  n e c i n e
b a s e ,  ( + ) - ( l R ,  6R, 8 R ) - 6 - h y d r o x y - 1 - h y d r o x y m e t h y l - p y r r o l i z i d i n e  ( 1 7 7 ) .
9 0
The d i o l  (177) w a s  made b y  t h e  r o u t e  g i v e n  i n  Scheme 3 7 ,  a n d  w a s  
r e a c t e d  w i t h  v a r i o u s  g l u t a r i c  a n h y d r i d e  d e r i v a t i v e s .  A f t e r
l a c t o n i s a t i o n ,  v i a  t h e  p y r i d i n e —2 - t h i o l  e s t e r s ,  12—m em bered  d i e s t e r s  
(1 7 8 )  -  (182) w e r e  i s o l a t e d .  R e a c t i o n  w i t h  2 , 2 - d i m e t h y l g l u t a r i c  
a n h y d r i d e  g a v e  o n l y  o n e  l a c t o n i s e d  p r o d u c t  b u t  i t  w a s  n o t  p o s s i b l e  t o  
a s s i g n  i t s  s t r u c t u r e  (1 8 3 a )  o r  (183b) u n a m b ig u o u s ly .  An 1 1 -m em b ered
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OH
(12)
(1 7 4 a )  R =R2=H, R3=R4=CH3
(174b) R1=R2=h , R3R4 = ~ ( CH2*4
(1 7 4 c )  R *R2=H, R3R4 = ^CH2> 5
( 174d) R1« R 2=R3*R4=H
c h 3 H
(1 7 4 e )  R4 = op  R2 = o r
H CH3
•E
•E
ch3nh2
H ^ O H
1 1 1 , 1 V
0
S chem e 36 : R e a g e n t s  : i )  B r C H ^ C O ^ E t ; i i )  NaH, t o l u e n e  ;
i i i )  NaBH4 , 2% NaOH ; i v )  4-CH3C6H4SC>2C l , p y r i d i n e  ; v) B u ^ A lH ,
(176)
h r
«-cb
(177)
HO—
HO—
S chem e 37 
R e a g e n t s :
C02H
H
OH
i )  Ac 20 ,  HC02H 
i i )  Ac 20 ,  HC=CC02E t  
i i i )  NH_ ;
HO—
i v )  H2/R h /C
111.IV
v) LiAlH
o —
C l78) R =R =H
(1 7 9 )  R 1=R2=CH3
(1 8 0 )  R ^ 2= ( C H ^ 4
(1 8 1 )  R R = (CH2) 5
0 —
(183) a )R  =R0=CH , R-,=R,=H
b ) R 1=R; =U,  R3=R4=CH3
H c h 3
(182) R1=R3= or ' R2=R4= or
CH.
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l a c t o n e  (184)  w a s  a l s o  p r o d u c e d  b y  r e a c t i o n  o f  t h e  d i o l  (177) w i t h  
s u c c i n i c  a n h y d r i d e .
4 . 3  C o n c l u s i o n s
W i th  t h e  g r c w t h  i n  t h e  num ber o f  s y n t h e t i c  r o u t e s  t o  m a c r o c y c l i c  
p y r r o l i z i d i n e  d i e s t e r s ,  t h e  w ay i s  now c l e a r  f o r  b o t h  t h e  s y n t h e s i s  o f  
t h e  m o re  c o m p le x  a l k a l o i d s  a n d  o f  b i o l o g i c a l l y  i n t e r e s t i n g  a n a l o g u e s .  
T h r o u g h  s u c h  s y n t h e s e s ,  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  c h e m i s t r y  a n d  
b i o c h e m i s t r y  o f  t h e  p y r r o l i z i d i n e  a l k a l o i d s  s h o u l d  r e s u l t .
0
0
(184)
T o t h i s  e n d ,  t h i s  v o lu m e  c o n t a i n s  a  d e s c r i p t i o n  o f  t h e  s y n t h e s i s  
o f  a  s e t  o f  new  p y r r o l i z i d i n e  a l k a l o i d  a n a l o g u e s .  T h e s e  a n a l o g u e s
a r e  d i s c u s s e d  i n  C h a p t e r  8 .
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CHAPTER 5 .
THE BIOSYNTHESIS OF EMILINE
5 . 1  I n t r o d u c t i o n
U n t i l  r e c e n t l y ,  r e t r o n e c i n e  (3) was t h e  o n l y  n e c i n e  t o  h a v e  
i t s  b i o s y n t h e s i s  i n v e s t i g a t e d  i n  an y  d e t a i l .  Some s t u d i e s  h a v e
b e e n  r e p o r t e d  on  a  few  o t h e r  n e c i n e s ,  p a r t i c u l a r l y  t h e  s a t u r a t e d
28 35 36
n e c i n e  t r i o l  r o s m a r i n e c i n e  (10) '  '  b u t  t h e r e  h a v e  b e e n  no
r e p o r t s  o n  t h e  b i o s y n t h e s i s  o f  t h e  s e c o - p y r r o l i z i d i n e  b a s e ,  o t o n e c i n e  
(14)  . T h e r e f o r e ,  i t  was d e c i d e d  t o  s t a r t  a  d e t a i l e d  s t u d y  o n  t h e
b i o s y n t h e t i c  p a th w a y  t o  t h i s  u n u s u a l  b a s e .  The a l k a l o i d  c h o s e n  
f o r  t h i s  w o rk  w as t h e  m a c r o c y c l i c  d i e s t e r ,  e m i l i n e  (22) .
5 . 2  E m i l i n e .
T he d i e s t e r  e m i l i n e  (22) i s  t h e  m a j o r  a l k a l o i d  c o n s t i t u e n t
91 92o f  t h e  p l a n t  E m i l i a  f lammea  C a s s ,  ( f a m i l y  C o m p o s i t a e ) , '  a n d  a
93r e v i s e d  s t r u c t u r e  was p u b l i s h e d  b y  B a r b o u r  a n d  R o b i n s .  I n  some
9 4
T e jce rv t  w o r k ,  K e l l y  e t  a l . show ed  t h a t  (_+)- t r a c h e l a n t h a m i d i n e  (6)
i s  a n  e f f i c i e n t  p r e c u r s o r  f o r  e m i l i n e  ( 2 2 ) ,  w h e r e a s  t h e  d i a s t e r e o -  
i s o m e r  ( + ) - i s o r e t r o n e c a n o l  (5) i s  n o t .  T h i s  o b s e r v a t i o n  i s  t h e
2 8
sam e a s  t h a t  f o r  t h e  b i o s y n t h e s i s  o f  r e t r o n e c i n e  (3) i n  S .  i s a t i d e u s
95a n d  S .  r i d d e l l i i  a n d  i s  t h e  o p p o s i t e  o f  t h a t  o b s e r v e d  f o r  r o s m a r i n i n e
28i n  S .  p l e i s t o c e p h a l u s . T h e s e  r e s u l t s  w o u ld  a p p e a r  t o  i n d i c a t e  a
l i n k  b e t w e e n  t h e  b i o s y n t h e t i c  p a th w a y s  t o  r e t r o n e c i n e  (3) a n d  
o t o n e c i n e  ( 1 4 ) ,  b u t  t h e  p a th w a y  t o  r o s m a r i n e c i n e  (10) i s  d i v e r g e n t  
f r o m  t h e s e .  H o w ev e r ,  i t  was e s s e n t i a l  t o  e s t a b l i s h  f i r s t  t h e  e a r l y  
s t e p s  i n  t h e  p a t h w a y .
To e n a b le  a d e t a i l e d  s t u d y  o f  t h e  e m i l i n e  b i o s y n t h e t i c  p a th w a y
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(1 4 )
HO CH
(2 2 )
S i g n a l
i r r a d i a t e d
2 3a
% i n c r e a s e  i n  s i g n a l  i n t e g r a l s  
3b 5 a  5b 6 a  6b 7 9 a 9b
2 - 1 .7 2 2 . 5 3 0 0 0 1 .3 6 0 1 . 0 4 5 . 6 6
3 a 1 . 6 4 - 8 .5 9 0 1 .9 2 0 0 .6 2 0 0 0
3b 2 . 8 5 7 . 5 0 - 0 0 0 0 . 4 7 0 0 0
C *5 a - - - - - - - - - -
5b 0 2 . 2 9 0 . 1 1 > 4 0 - 7 .2 0 0 .5 0 0 . 5 4 0 0
6 a 0 0 . 2 8 0 1 .4 3 - - 2 .2 6 3 . 3 7 0 0
6b 0 0 0 7 . 9 8 1 .3 2 1 .9 4 - 0 .7 2 0 0
7 0 0 0 0 0 2 . 7 1 1 .7 0 - 0 0
9 a 1 . 5 3 0 0 0 0 0 0 0 - 6 7 . 6
9b 5 . 4 7 0 0 0 0 0 0 0 6 4 . 4 -
* S i g n a l  5 a  w as n o t  i r r a d i a t e d  d u e  t o  t e c h n i c a l  d i f f i c u l t i e s .
T a b l e  3 .
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t o  t a k e  p l a c e ,  u s i n g  H - l a b e l l e d  p r e c u r s o r s ,  i t  w as  e s s e n t i a l  t o  
a s s i g n  e a c h  o f  t h e  H—ato m s on t h e  o t o n e c i n e  (14) p o r t i o n  o f  
e m i l i n e  (22) t o  t h e  c o r r e c t  s i g n a l  i n  t h e  H n . m . r  s p e c t r u m .  A
h i g h  f i e l d  s p e c t r u m  o f  t h e  a l k a l o i d  (22) i s  shown i n  F i g u r e  1 1 .  I t
96h a s  b e e n  show n f r o m  X - r a y  c r y s t a l l o g r a p h i c  s t u d i e s ,  t h a t  1 2 -  
m em b ered  a l k a l o i d s  w h ic h  c o n t a i n  o t o n e c i n e  (14) a d o p t  a  s o l i d -  
s t a t e  c o n f o r m a t i o n  w h ic h  i s  s i m i l a r  t o  t h a t  o f  o t h e r  12 -m em bered
a l k a l o i d s  w h ic h  c o n t a i n  r e t r o n e c i n e  (3) , s u c h  a s  r e t r o r s i n e  (17) .
1 31 97A l s o  H n . m . r  s p e c t r o s c o p i c  d a t a  a n d  X - r a y  c r y s t a l l o g r a p h i c  s t u d i e s
o n  r e t r o r s i n e  (17) h a v e  shown t h a t  t h e  p y r r o l i z i d i n e  a l k a l o i d
c o n f o r m a t i o n  i s  s i m i l a r  i n  o r g a n i c  s o l u t i o n  a n d  i n  t h e  s o l i d  s t a t e .
1 2 -M e m b e re d  o t o n e c i n e  a l k a l o i d s ,  s u c h  a s  e m i l i n e  (22) can  a d o p t  a
s i m i l a r  c o n f o r m a t i o n  v i a  a  t r a n s - a n n u l a r  i n t e r a c t i o n  o f  t h e  N -4 a n d
C -8  a to m s  o f  t h e  e i g h t - m e m b e r e d  r i n g .
The b e s t  m e th o d  a v a i l a b l e  t o  a s s i s t  i n  t h e  n . m . r  s p e c t r o ­
s c o p i c  a s s i g n m e n t s  was t h e  u s e  o f  n u c l e a r  O v e r h a u s e r  e n h a n c e m e n t
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( n . O . e )  d i f f e r e n c e  s p e c t r o s c o p y ,  u s i n g  t h e  NEOMULT.AU p r o g r a m .
T h e  r e s u l t s  o f  t h e s e  n . O . e .  e x p e r i m e n t s  a r e  shown i n  T a b l e  3 .  I n  
a d d i t i o n ,  F i g u r e  12 show s g r a p h i c a l l y  t h e  i m p o r t a n t  n u c l e a r  i n t e r ­
a c t i o n s .  T he  i r r a d i a t i o n  a t  6 .0 2  p . p . m .  (H-2) p r o d u c e d  an  e n h a n c e m e n t  
o f  2 .53% a t  3 . 2 0  p . p . m  b u t  o n l y  1.72% a t  3 .4 4  p . p . m .  T h i s  
o b s e r v a t i o n  a l o n g  w i t h  c o m p a r i s o n  w i t h  m o d e ls  a n d  known a s s i g n m e n t s  
f o r  r e t r o r s i n e  i n d i c a t e  t h a t  t h e  a b s o r p t i o n  a t  3 . 4 4  p . p . m  i s  due  t o  
t h e  3 6 - h y d r o g e n  w h i l e  t h e  a b s o r p t i o n  a t  3 .2 0  p . p . m  i s  due t o  t h e  
3 a - h y d r o g e n . S i m i l a r l y ,  i r r a d i a t i o n  a t  3 .4 4  p . p . m  (H-3B) p r o d u c e d
a n  e n h a n c e m e n t  a t  2 . 6 5  p . p . m .  b u t  n o t  a t  2 . 8 5  p . p . m .  T h i s  s u g g e s t s  
t h a t  t h e  s i g n a l  a t  2 .6 5  p . p . m  i s  due t o  t h e  5B- h y d r o g e n .  I n  t h e
sam e w a y ,  t h e  5 a - ,  6 a -  and  6 6 - h y d r o g e n s  w e re  a s s i g n e d .  A l s o ,  t h e
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C -9  £ r o  S a n d  p r o  R H a tom s w ere  a s s i g n e d  f ro m  t h e i r  i n t e r a c t i o n s  
w i t h  t h e  C -2  p r o t o n .
E a c h  o f  t h e  n . O . e .  i n t e r a c t i o n s  u s e d  i n  t h e  n . m . r  s p e c t r a l  
a s s i g n m e n t s  w as  a l s o  o b s e r v e d  i n  a  H o m o n u c le a r  (^H-"^H) NOESY 
e x p e r i m e n t ,  w h ic h  c o n f i r m s  t h a t  t h e  o b s e r v e d  n . O . e ' s  w e re  r e a l  a n d  
n o t  e x p e r i m e n t a l  a r t e f a c t s .
5 .  3 I n c o r p o r a t i o n  o f  R a d i o l a b e l l e d  P r e c u r s o r s  i n t o  E m i l i n e  (22)
The e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  s e c t i o n  w e re  i n i t i a l l y
c a r r i e d  o u t  o n  E. f lammea  p l a n t s .  The f i r s t  p r e c u r s o r  f e d  was 
r 14 -I1 1 / 4 -  C J - p u t r e s c i n e  d i h y d r o c h l o r i d e ,  w h ic h  w as a d m i n i s t e r e d  b y
t h e  w ic k  m e th o d .  The s te m  o f  t h e  p l a n t  was t h r e a d e d  w i t h  n e e d l e  a n d
c o t t o n ,  a n d  t h e  c o t t o n  e n d s  w ere  im m e rs e d  i n  a  v i a l  c o n t a i n i n g  an
a q u e o u s  s o l u t i o n  o f  t h e  l a b e l l e d  com pound. A f t e r  f e e d i n g ,  t h e
p l a n t  w as  l e f t  f o r  a  w eek ,  h a r v e s t e d  a n d  t h e  a l k a l o i d  w as e x t r a c t e d .
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T h e  e m i l i n e  o b t a i n e d  was r e c r y s t a l l i s e d  t o  c o n s t a n t  s p e c i f i c
•k
a c t i v i t y .  A s p e c i f i c  i n c o r p o r a t i o n  o f  £ a  0 .5% w as o b s e r v e d  i n
t h e  e m i l i n e  e x t r a c t e d ,  w h ic h  was r a t h e r  d i s a p p o i n t i n g .  I n  a d d i t i o n ,
t h e  a m o u n t  o f  e m i l i n e  f ro m  e a c h  p l a n t  w as v e r y  low  : c a  lOOg o f
f r e s h  p l a n t  l e a v e s  e v e n t u a l l y  y i e l d e d  o n l y  c a  5 mg o f  p u r e  r e c r y s t a l l i s e d
a l k a l o i d .  W h i le  t h e s e  f i g u r e s  d i d  n o t  make b i o s y n t h e t i c  a n a l y s i s
i m p o s s i b l e ,  i t  w as c l e a r  t h a t  any  e x p e r i m e n t s  i n v o l v i n g  s t a b l e
i s o t o p e s  m i g h t  b e  d i f f i c u l t  i n  t e r m s  o f  d e t e c t i o n  b y  n . m . r  s p e c t r o s c o p y .
S p e c i f i c  r a d i o l a b e l  i n c o r p o r a t i o n  p e r  u n i t  f o r  a  p u t r e s c i n e  
p r e c u r s o r  w as c a l c u l a t e d  from  [ (m o la r  a c t i v i t y  o f  r o s m a r i n i n e  (44) 
x  h.) / ( m o l a r  a c t i v i t y  o f  p r e c u r s o r ) ]  x 100%.
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S h o r t l y  a f t e r  t h e  f i r s t  few p l a n t  e x p e r i m e n t s  h a d  b e e n
a t t e m p t e d ,  a  new t e c h n i q u e  f o r  o b t a i n i n g  t h e  a l k a l o i d  e m i l i n e  (22)
b ec a m e  a v a i l a b l e .  D r .  N. W a lto n  a t  t h e  AFRC F o o d  R e s e a r c h
I n s t i t u t e ,  N o rw ic h  p r o v i d e d  a  sa m p le  o f  h a i r y  r o o t  c u l t u r e ^  d e r i v e d
f ro m  E. f l a m m e a .  T h e s e  c u l t u r e s  c a n  b e  grow n i n  b u l k  am o u n ts
( 1 . 5  L m edium  l e a d i n g  t o  c a  600  g t o t a l  w e i g h t  p e r  b a t c h )  i n  a
r e l a t i v e l y  s h o r t  t i m e  ( t y p i c a l l y  t h r e e  w eeks)  . I n  a  p r e l i m i n a r y
t e s t  f e e d i n g  w i t h  [ 1 , 4 — c ] - p u t r e s c i n e  ( 2 7 ) ,  25 mg o f  e m i l i n e  was
o b t a i n e d  f r o m  a  6 0 0  g b a t c h  o f  h a i r y  r o o t  c u l t u r e s .  More
14i m p o r t a n t l y ,  t h i s  s a m p le  h a d  a  s p e c i f i c  i n c o r p o r a t i o n  o f  C p e r  
u n i t  o f  4 .4 % , w h ic h  was much b e t t e r  t h a n  t h e  i n c o r p o r a t i o n s  o b t a i n e d  
f r o m  p l a n t s .  I t  w as d e c i d e d ,  t h e r e f o r e ,  t h a t  t h e  f u t u r e  e x p e r i m e n t s  
w o u ld  i n v o l v e  h a i r y  r o o t  c u l t u r e s  i n s t e a d  o f  p l a n t s .
I n  o r d e r  t o  f i n d  o u t  t h e  b e s t  c o n d i t i o n s  f o r  f e e d i n g ,  tw o  
s e t s  o f  e x p e r i m e n t s  w e re  c a r r i e d  o u t .  The f i r s t  o f  t h e s e  was t o  
e s t a b l i s h  how much o f  a  p r e c u r s o r  s h o u l d  b e  u s e d  i n  e a c h  f e e d .  
R a d i o l a b e l l e d  p r e c u r s o r s  w e re  u s u a l l y  f e d  a s  h i g h  s p e c i f i c  a c t i v i t y  
m a t e r i a l s  b u t  f o r  w ork  w i t h  p r e c u r s o r s  l a b e l l e d  w i t h  s t a b l e  i s o t o p e s ,  
t h e  a m o u n t  f e d  c o u l d  b e  c r i t i c a l .  T h e r e f o r e ,  b a t c h e s  o f  1 0 ,  30 
a n d  100  mg o f  u n l a b e l l e d  p u t r e s c i n e  w ere  f e d  t o  t h r e e  s e p a r a t e  
b a t c h e s  o f  r o o t  c u l t u r e s  a l o n g  w i t h  a s a n p l e  o f  [ 1 , 4 — C ] - p u t r e s c i n e  
(27) . F e e d i n g s  w e re  c a r r i e d  o u t  by  d i v i d i n g  t h e  s a m p l e s  among t h e  
f l a s k s  c o n t a i n i n g  t h e  r o o t  c u l t u r e s .  I t  w as f o u n d  t h a t  t h e  s p e c i f i c  
i n c o r p o r a t i o n s  o f  14C ( 2 . 8 ,  4 . 0  an d  3.2%) w ere  n o t  a f f e c t e d  b y  t h e  
am o u n t  o f  m a t e r i a l  f e d .  The v a l u e  o f  30 mg w as c h o s e n  a s  a  s u i t a b l e  
a m o u n t ,  a s  a  b a l a n c e  o f  h a v i n g  enough  l a b e l  p r e s e n t  t o  b e  i n c o r p o r a t e d  
a n d  n o t  o v e r l o a d i n g  t h e  c u l t u r e s  a n d  p o s s i b l y  w a s t i n g  v a l u a b l e  o r  
s c a r c e  p r e c u r s o r s .
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The s e c o n d  s e t  o f  e x p e r i m e n t s  w as t o  i n v e s t i g a t e  how i m p o r t a n t
t h e  t i m i n g  o f  f e e d i n g  an d  e x t r a c t i o n  w o u ld  b e  t o  t h e  y i e l d  o f
a l k a l o i d  a n d  t h e  i n c o r p o r a t i o n  o f  l a b e l .  S o ,  a  s a m p le  o f  [ l , 4 - 14c ] -
p u t r e s c i n e  w as  f e d  t o  a  b a t c h  o f  r o o t  c u l t u r e s  a f t e r  7 d a y s  o f
g r o w t h .  A t  11 d a y s  g ro w th  ( t h a t  i s ,  4 d a y s  a f t e r  f e e d i n g )  p a r t  o f
t h e  c u l t u r e  b a t c h  w as e x t r a c t e d  an d  t h e  e m i l i n e  o b t a i n e d  was e x a m in e d
f o r  r a d i o l a b e l .  I t  was fo u n d  t h a t  t h e r e  w as 4 mg o f  a l k a l o i d  w i t h
a  s p e c i f i c  i n c o r p o r a t i o n *  o f  5.4% p e r  C u n i t .  A t  15 d a y s  g r o w th
t h e  e m i l i n e  e x t r a c t e d  from  a  f u r t h e r  b a t c h  o f  t h e  c u l t u r e  h a d  a
*
w e i g h t  o f  15 mg, w i t h  s p e c i f i c  i n c o r p o r a t i o n  3.5% p e r  u n i t .
F i n a l l y ,  t h e  r e m a i n d e r  o f  t h e  b a t c h  was t a k e n  o f f  a t  22 d a y s  g r o w t h .
★
E x t r a c t i o n  g a v e  5 mg o f  a l k a l o i d  w i t h  a  s p e c i f i c  i n c o r p o r a t i o n  o f  
0 .3 2 % .  C l e a r l y  t h e  i d e a l  t i m i n g  o f  t h e  e x p e r i m e n t  w as t o  e x t r a c t  
t h e  c u l t u r e s  a t  a r o u n d  a  week a f t e r  f e e d i n g .  T h i s  c o u l d  g i v e
r i s e  t o  r e a s o n a b l y  h i g h  i n c o r p o r a t i o n s  w h i l e  g i v i n g  a  c o n v e n i e n t  
a m o u n t  o f  a l k a l o i d .  The c u l t u r e s  w e re  f e d  a t  s e v e n  d a y s  o l d  
b e c a u s e  t h i s  w as t h e  s t a r t  o f  t h e i r  r a p i d  g r o w t h  p h a s e .
T he n e x t  i m p o r t a n t  r e q u i r e m e n t  w as t o  m e a s u r e  t h e  r e l a t i v e  
3 14i n c o r p o r a t i o n  o f  H a n d  C i n  p u t r e s c i n e  s a m p l e s .  S u ch  a
3
m e a s u r e m e n t  w as  n e c e s s a r y  b e c a u s e  l a t e r  e x p e r i m e n t s  w o u ld  u s e  H-
o r  14C - l a b e l l e d  p u t r e s c i n e s  a s  r e f e r e n c e s  i n  d o u b l e  l a b e l  f e e d i n g
e x p e r i m e n t s .  T h u s ,  [ l , 4 - 3H ] -  a n d  [ l , 4 - 14c ] - p u t r e s c i n e  d i h y d r o -
3 14c h l o r i d e  w e r e  m ix e d  t o  g i v e  an  i n i t i a l  H /  C r a t i o  o f  1 2 . 0  a n d  t h e
m i x t u r e  w as  f e d  t o  E . Jflammea h a i r y  r o o t  c u l t u r e s .  A f t e r  10 d a y s
14
t h e  r o o t s  w e r e  e x t r a c t e d  t o  g i v e  21 mg o f  e m i l i n e  w i t h  a  C
* 3 14
s p e c i f i c  i n c o r p o r a t i o n  o f  1%. The H / C r a t i o  was 1 0 .6  s h o w in g
t h a t  V  a n d  14C - l a b e l l e d  m a t e r i a l s  w e r e  i n c o r p o r a t e d  t o  a b o u t  t h e  
sam e e x t e n t .
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The n e x t  o b j e c t i v e  was t o  e s t a b l i s h  t h e  i n t e r m e d i a c y  o f  t h e
t r i a m i n e  hom ospe  m u  d i n e  (41) on  t h e  b i o s y n t h e t i c  p a t h w a y . T h i s
co m pound  i s  an  i n t e r m e d i a t e  i n  r e t r o n e c i n e  (3) b i o s y n t h e s i s .  The
l a b e l l e d  v e r s i o n  o f  t h e  m o l e c u l e  t o  b e  u s e d  was [ 1 , 9 - ^ c ]  h o m o s p e r m i d i n e ,
m ade  b y  D r .  S .K .  N er  u s i n g  t h e  m e th o d  o f  Khan a n d  R o b i n s . 100  S o ,
a  s a m p le  o f  [ 1 , 9 -  c ] h o m o s p e r m id in e  ( 0 .1 2  ]iCi/mg) was m ix e d  w i t h
[ 1 , 4 -  H ] p u t r e s c i n e  ( 0 ,3 1  y C i / m g ) , g i v i n g  a  H/ C r a t i o  o f  1 . 1
a n d  f e d  t o  h a i r y  r o o t  c u l t u r e s  o f  E . f lammea  i n  t h e  u s u a l  w ay .
14T h e  e m i l i n e  o b t a i n e d  f ro m  t h i s  e x p e r i m e n t  show ed  a  C s p e c i f i c
* 3 14i n c o r p o r a t i o n  o f  3.6% w i t h  a  H /  C r a t i o  o f  0 . 9 .  T h i s  i n d i c a t e s
t h a t  h o m o s p e r m id in e  i s  i n c o r p o r a t e d  i n t o  e m i l i n e  w i t h  s i m i l a r  
e f f i c i e n c y  t o  p u t r e s c i n e .  I n  t h i s  l a s t  f e e d i n g  t h e  s p e c i f i c
a c t i v i t i e s  o f  t h e  tw o p r e c u r s o r s  w e re  a d j u s t e d  t o  s i m i l a r  v a l u e s ,  
i n  o r d e r  t o  p r o v i d e  a  more v a l i d  c o m p a r i s o n  o f  r e l a t i v e  i n c o r p o r a t i o n s .
The i n t e r m e d i a c y  o f  t r a c h e l a n t h a m i d i n e  (6) a n d  t h e  im in iu m  
94i o n  (69) h a d  a l r e a d y  b e e n  sh o w n . The l a s t  i m p o r t a n t  t e s t  w as t o  
s e e  i f  r e t r o n e c i n e  (3) i t s e l f  w as a  s p e c i f i c  p r e c u r s o r  o f  e m i l i n e  (22) .
3
A s a m p le  o f  H - l a b e l l e d  r e t r o n e c i n e  w as o b t a in e d  b i o s y n t h e t i c a l l y  b y
3 3f e e d i n g  [ l , 4 -  H j p u t r e s c i n e  t o  S e n e c i o  i s a t i d e u s  t o  p r o d u c e  H - l a b e l l e d
3
r e t r o r s i n e .  H y d r o ly s i s  a f f o r d e d  H - l a b e l l e d  r e t r o n e c i n e .  T h is
w as  m ix e d  w i t h  a  s a m p le  o f  [ l , 4 -  C ] p u t r e s c i n e  s o  t h a t  a  H / C
r a t i o  o f  9-8 w as o b t a i n e d .  F e e d in g  t h i s  sa m p le  t o  E , f la m m ea
. . .  3
r o o t  c u l t u r e s  p r o d u c e d  a sa m p le  o f  e m i l i n e  w i t h  a H s p e c i f i c
* 3 14
i n c o r p o r a t i o n  o f  2.7 % an d  a  H / C r a t i o  o f  10*7 . So
r e t r o n e c i n e  (3) i s  a n  e f f i c i e n t  p r e c u r s o r  o f  e m i l i n e  (22) (Scheme 3 8 ) .  
T h i s  c o n f i r m s  t h a t  i n  t h e  f o r m a t i o n  o f  o t o n e c i n e  ( 1 4 ) ,  t h e  ( N - 4 ) -  
(C—8) b o n d  o f  p y r r o l i z i d i n e s  (6) a n d  (3) i s  c l e a v e d .  T h i s  may
o c c u r  b y  h y d r o x y l a t i o n  a t  C -8  a n d  N - m e t h y l a t i o n  o f  r e t r o n e c i n e  (3) ,
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o r  a  d e r i v a t i v e , f o l lo w e d  b y  k e to n e  f o r m a t io n  w i t h  c le a v a g e  o f  t h e  
b r i d g i n g  C-N b o n d  (Schem e 39) .
I n  a l l  o f  th e  a b o v e  e x p e r im e n ts ,  t h e  r a d i o a c t i v e  e m i l i n e  
s a m p le s  o b t a i n e d  w e re  h y d r o ly s e d  w i th  a c i d  t o  g i v e  o to n e c i n e  (14) 
a s  t h e  h y d r o c h l o r i d e . 101 More t h a n  94% o f  t h e  3H a n d  14C r a d i o ­
a c t i v i t y  w as l o c a t e d  i n  o to n e c in e  i n  e a c h  c a s e .
2
5 . 4  I n c o r p o r a t i o n  o f  H - L a b e l le d  P u t r e s c i n e s  i n t o  E m i l in e  (22) .
2 2 U s in g  a  c o m b in a t io n  o f  H - l a b e l l e d  p r e c u r s o r s  w i t h  H n . m . r
s p e c t r o s c o p y  i t  w as p o s s i b l e  t o  ex am in e  t h e  s t e r e o c h e m i s t r y  o f  t h e
2e n z y m ic  p r o c e s s e s  i n v o l v e d  i n  e m i l in e  (22) b i o s y n t h e s i s .  The H - 
l a b e l l e d  d e r i v a t i v e s  o f  p u t r e s c i n e  c h o s e n  w e re  t h e  m o n o - d e u t e r i a t e d  
co m p o u n d s ( 1 8 5 ) ,  (60) a n d  ( 6 1 ) .
2
The (R )- [ 1 -  H ] p u t r e s c i n e  (185) was made b y  t h e  e n z y m a t ic
2
d e c a r b o x y l a t i o n  o f  L - o r n i t h i n e  (21) i n  H^O b y  L - o r n i t h i n e  d e c a r b o x y -
32 2 2l a s e .  The ( 2 R ) - [ 2 -  H ]-  a n d  (2S_) — [2  — H ] - p u t r e s c i n e s , (60) a n d  (61)
r e s p e c t i v e l y ,  w e re  fo rm e d  b y  m o d i f i c a t i o n s  o f  t h e  r o u t e  o f  K unec a n d  
34R o b in s  (S chem es 40 an d  4 1 ) .  S t a r t i n g  fro m  ( 2 S ) - a s p a r t i c  a c i d
(1 8 6 ) , c h l o r i n a t i o n ,  m e t h y l a t i o n  an d  r e d u c t i o n  g a v e  r i s e  t o  t h e
2
( 2 S ) - 2 - c h l o r o b u t a n e d i o l  ( 1 8 7 ) .  R e a c t io n  w i t h  L iA l H4 g a v e  th e  
(2R) - [ 2 - 2H ] - b u t a n e - 1 , 4 - d i o l .  I n  a new s t r a t e g y ,  t h e  h y d r o x y l  g ro u p s
w e re  c o n v e r t e d  i n t o  am in o  g ro u p s  u s in g  a  p r o c e d u r e  d e s c r i b e d  b y
102 . , 1 °3F a b ia n o  a n d  G o ld in g .  T h is  in v o lv e d  a  M its u n o b u - ty p e  r e a c t i o n
104
t o  g iv e  t h e  a z i d e  (188) a n d  an  i n  s i t u  S t a u d i n g e r  r e a c t i o n  t o  g iv e  
a  p h o s p h o - im in e  s p e c i e s  su c h  a s  (1 8 9 ) .  A q ueous a c i d i c  h y d r o l y s i s  
g a v e  t h e  p r o d u c t ,  ( 2 R ) - [ 2 -  H ] p u t r e s c in e  (60) a s  i t s  d i h y d r o c h l o r i d e ,
co2h
(1 8 6 )
D.
'N ^ v'OH 
✓ OH
D.
v,vi
*NH2 
'N H 2
(60)
I V
‘C02H
ii iii
cl
COH OH
(187)
Schem e 40  : i )  HC1, HITCy i i )  MeOH, S0C12 ; i i i )  DIBAL;
i v )  L iA l2H4 ; v) HN3/ iPr0C0N=NC02i P r , P l^ P ;  v i )  H20/HC1
H
h 2n ^ c o 2h
CO 2H
(1 9 0 )
IX
Cnh2 nh2
(61)
Schem e 41
i n  a  r e l i a b l e  1 0 .6  % y i e l d  fro m  a s p a r t i c  a c i d .
The e n a n t i o m e r i c  ( 2 S ) «[ 2 - 2H ] p u t r e s c in e  (61) w as m ade i n  t h e  
sam e w ay fro m  ( 2 R ) - a s p a r t i c  a c i d  (190) (Schem e 41)*
D D.N s ^ \ N ?; P P h 3
(60)
(188) (189)
F e e d in g  t h e  (R )—[ 1 — H j p u t r e s c i n e  (185) t o  E. f lam m ea  r o o t
2
c u l t u r e s  g a v e  r i s e  t o  a  s a m p le  o f  e m i l in e  (191) c o n t a i n i n g  H l a b e l .  
2 1The H -{ H} n .m . r  s p e c t r u m  o f  t h i s  sam p le  show ed  s i g n a l s  a t  <$D 3 .4
(C -3 8 ) / 2 .8  (C -5 a ) a n d  5 .0  (C -9 p r o  S) ( F ig u r e  1 3 a -c )  , F i g u r e s  f o r
2 2 1 t h e  s p e c i f i c  i n c o r p o r a t i o n s  o f  H w ere  e s t i m a t e d  fro m  H -{ H} n .m . r
s p e c t r u m  b y  c o m p a r is o n  o f  t h e  c o n c e n t r a t i o n  o f  sa m p le  w i t h  t h e  s i z e
2 2 o f  t h e  n a t u r a l  a b u n d a n c e  p e a k s  f o r  H i n  CH Cl^. F o r  e a c h  H
2
f e e d i n g  e x p e r im e n t  t h e  s p e c i f i c  i n c o r p o r a t i o n  o f  H w as c o m p a ra b le
14 2 
t o  t h a t  o f  C . F o r  t h e  f e e d in g  o f  ( R ) - [ l -  H j p u t r e s c i n e  (185)
t h e  s p e c i f i c  i n c o r p o r a t i o n  w as 3.8% .
2
F e e d in g  t h e  ( 2 R ) - [ 2 -  H ] p u t r e s c i n e  (60) g a v e  a n  e m i l i n e  sa m p le
2 1(192) w h ic h  h a d  a  H -{ H} n . m . r  s p e c tru m  w i th  p e a k s  a t  6d 2 .4  (C -6 a)
a n d  6 . 0  (C -2) . F e e d in g  t h e  ( 2 S ) - e n a n t io m e r  (61) g a v e  a  sa m p le
2 1o f  e m i l i n e  (193) w i th  H-{ H} n .m . r  s p e c t r a l  p e a k s  a t  <$D 2 .2  (C -66 )
14
a n d  4 .8 1  (C-7oc) (Schem e 4 3 ) .  C - S p e c i f i c  i n c o r p o r a t i o n s  f o r
e a c h  w e re  3 .4  a n d  3.5% r e s p e c t i v e l y .
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F i g u r e  1 3 (b )  - 3 0  MHz n .m r .  s p e c t r u m  o f  e m i l in e  (192) f e d  w i th  (2 R )-
2
[ 2 -  h ] p u t r e s c i n e .
6 (ppm)
F i g u r e  1 3 (c )  -3 0  MHz n . m . r .  s p e c t r u m  o f  e m i l in e  (193) f e d  w i t h  ( 2 S ) -
2
[ 2 -  h ] p u t r e s c i n e .
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T h e s e  o b s e r v a t i o n s  c a n  b e  r a t i o n a l i s e d  i n  t h e  f o l l o w i n g  w ay .
P u t r e s c i n e  (23) i s  o x i d i s e d  t o  4 - a m in o b u ta n a l  s t e r e o s p e c i f i c a l l y  
w i t h  l o s s  o f  th e  1—p r o -S  a n d  r e t e n t i o n  o f  t h e  l - p r o ~ R h y d r o g e n s .  
C o u p l in g  w i t h  a  f u r t h e r  m o le c u le  o f  p u t r e s c i n e  g iv e s  an  im in e  w h ic h  
i s  r e d u c e d  t o  g iv e  a  l a b e l l e d  h o m o s p e rm id in e , su c h  a s  (194 ) . The 
l a b e l l i n g  i n  t h e  e m i l i n e  sa m p le  (191) fro m  th e  (R) - i s o m e r  (185) 
i n d i c a t e s  t h a t  t h i s  r e d u c t i o n  o c c u r s  fro m  th e  C - s i  f a c e  o f  t h e  i m in e .  
Two m ore o x i d a t i o n s  o n  h o m o sp e rm id in e  l e a d  t o  l o s s  o f  t h e  p r o -S  
h y d r o g e n s  a t  C - l  an d  C -9 t o  g iv e  t h e  im in iu m  s p e c i e s  (47) . T h is  
c y c l i s e s  b y  a t t a c k  on  t h e  C - re  f a c e  o f  th e  d o u b le  b o n d  t o  g iv e  t h e  
8 a - p y r r o l i z i d i n e  a ld e h y d e  ( 1 9 5 ) .  R e d u c t io n  o f  t h i s  a ld e h y d e  t o  
t r a c h e l a n t h a m i d i n e  (6) o c c u r s  b y  a t t a c k  o f  th e  h y d r id e  e q u i v a l e n t  
o n  t h e  C - r e  f a c e  o f  t h e  c a r b o n y l  g r o u p .  F i n a l l y ,  t h e  h y d r o x y l a t i o n  
a t  C -7  o f  e m i l i n e  p r o c e e d s  w i th  r e t e n t i o n  o f  s t e r e o c h e m i s t r y ,  w h i le
CHO
CHO
(47) (195)
t h e  f o r m a t i o n  o f  t h e  1 , 2 - u n s a t u r a t i o n  t a k e s  p l a c e  w i th  r e t e n t i o n  
o f  t h e  2 - p r o - R  h y d ro g e n  o f  p u t r e s c i n e .
s t e r e o c h e m i s t r y  o f  t h e  b i o s y n t h e t i c  p a th w a y  t o  e m i l i n e  
h a s  b e e n  p a r t i a l l y  e l u c i d a t e d  u s in g  e n a n t i o m e r i c a l l y  d e u t e r i a t e d  
c o m p o u n d s .
T h i s  w ork c o u ld  b e  c o n t in u e d  i n  m ore d e t a i l  t o  lo o k  a t  t h e  
l a t e r  s t e p s  i n  th e  p a th w a y  b y  u s in g  2H - l a b e l l e d  v e r s i o n s  o f  t h e
106
l a t e r  i n t e r m e d i a t e s .
N o t e : -  n o n e  o f  t h e  p u t r e s c i n e  p r e c u r s o r s  ( 1 8 5 ) ,  (60) o r  (61)
2
c o n t a i n  m ore  t h a n  one H a to m . The l a b e l l i n g  p a t t e r n s  show n
i n  S c h e m e s  5 a n d  6 a r e  t h e r e f o r e  c o m p o s i te  r e p r e s e n t a t i o n s  o f  a l l  
2
H - l a b e l l e d  s p e c i e s  p r e s e n t .
5 .5  B i o s y n t h e t i c  S t u d i e s  on O th e r  P l a n t s .
I n  o r d e r  t o  w id e n  th e  s c o p e  o f  p l a n t s  t h a t  c a n  b e  u s e d  i n  
t h e  e l u c i d a t i o n  o f  th e  p y r r o l i z i d i n e  b i o s y n t h e t i c  p a th w a y s ,  i t  i s  
n e c e s s a r y  t o  e x a m in e  t h e  a l k a l o i d  c o n t e n t  o f  some p l a n t s  t o  s e e  i f  
t h e y  a r e  s u i t a b l e  f o r  e x p e r i m e n t a t i o n .  One s u c h  p l a n t  i s
C y n o g lo s s u m  a u s t r a l e  w h ic h  i s  known t o  c o n t a i n  t h e  a l k a l o i d s
105 14c y n a u s t i n e  (196) a n d  c y n a u s t r a l i n e  ( 1 9 7 ) .  P r e v io u s  C -
l a b e l l i n g  e x p e r im e n ts  w i th  C. a u s t r a l e  p l a n t s  g a v e  low  i n c o r p o r a t i o n s
(0  -  0 .5 % ) .
I t  w as h o p e d  t h a t  u s in g  th e  h a i r y  r o o t  c u l t u r e  m e th o d  w o u ld  
g i v e  b e t t e r  r e s u l t s  b u t  i t  was fo u n d  t h a t  [ 1 , 4 -  C ] p u t r e s c i n e  w as 
n o t  i n c o r p o r a t e d  t o  any  g r e a t  e x t e n t  (< 0 .2 % ) .
W ink h a d  r e p o r t e d  t h a t  i n  p l a n t s  p r o d u c in g  q u i n o l i z i d i n e  
a l k a l o i d s ,  w o u n d in g  o f  th e  l e a v e s  o f  t h e  p l a n t s  c a u s e d  a  s h a r p  r i s e  
i n  a l k a l o i d  p r o d u c t i o n .  An a t t e m p t  t o  u s e  a  s i m i l a r  t e c h n i q u e
o n  C . a u s t r a l e  f a i l e d  t o  i n c r e a s e  t h e  i n c o r p o r a t i o n  f i g u r e .
C l e a r l y ,  C. a u s t r a l e  i s  n o t  an  e a s y  p l a n t  t o  u s e  f o r  b i o ­
s y n t h e t i c  s t u d i e s ,  so  an a l t e r n a t i v e  w as s o u g h t .
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Ad.6noc3.rpus d e c o r t i c a n s  B o i s s ,  a. member o f  t h e  f a m i ly  
L e g u m in o s a e , w as r e p o r t e d  t o  c o n t a i n  t h e  a l k a l o i d  d e c o r t i c a s i n e " ^ ^  
(1 9 8 ) . T h is  a l k a l o i d  i s  one  o f  t h e  l o l i n e  (18) g r o u p ,  w i th  t h e  
r a t h e r  u n u s u a l  c y c l i c  e t h e r  f u n c t i o n .  T h e re  a r e  o n ly  a  few  
a l k a l o i d s  o f  t h i s  t y p e ,  a n d  no  b i o s y n t h e t i c  s t u d i e s  h a v e  b e e n  c a r r i e d  
o u t  on  th e m .
I t  i s  know n a l s o  t h a t  t h i s  s p e c i e s  c o n t a i n s  th e  q u i n o l i z i d i n e  
a l k a l o i d ,  s p a r t e i n e  (199) .
T h e r e f o r e ,  i t  w as d e c id e d  t o  e x a m in e  t h e  a l k a l o i d  c o n t e n t  
o f  A. d e c o r t i c a n s  t o  f i n d  o u t  i f  i t  w o u ld  b e  s u i t a b l e  f o r  u s e  i n  
b i o s y n t h e t i c  e x p e r i m e n t a t i o n .
NHCO Et
(198 ) (18)
S e e d s  o f  A . d e c o r t i c a n s  w e r e  o b t a in e d  from  Kew B o t a n ic  
G a r d e n s  an d  a  s u p p ly  o f  p l a n t s  w as grow n i n  o p en  g ro u n d  an d  
h a r v e s t e d  b e f o r e  f l o w e r i n g .  The f r e s h  p l a n t  m a t e r i a l  w as  
e x t r a c t e d  w i t h  m e th a n o l and t h e  e x t r a c t  w as t a k e n  up i n  d i l u t e  
a c i d  s o l u t i o n .  A f t e r  w a s h in g  w i t h  c h lo r o f o r m , t h e  s o l u t i o n  w as  
s t i r r e d  w i t h  Zn p o w d er  t o  rem ove an y  N ^ o x id e s ,  t h e n  f i l t e r e d ,  
b a s i f i e d  a n d  e x t r a c t e d  w it h  d ic h lo r o m e t h a n e . T h is  p r o c e d u r e  g a v e  
o n e  a l k a l o i d  o n ly  i n  0.4%  y i e l d  b a s e d  on  t h e  w e ig h t  o f  d ry  l e a v e s .
A t . l . c  o f  t h e  a l k a l o i d  on s i l i c a ,  e l u t i n g  w i th  CHCl^M eO H : 
NH^ ( 8 5 :1 4 :1 )  g a v e  a s i n g l e  s p o t  a t  R ,^ 0 .1 1  w hen d e v e lo p e d  w i th
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D r a g e n d o r f f  s  r e a g e n t .  The i n f r a - r e d  s p e c tru m  show ed  n o
c a r b o n y l  p e a k s  an d  one  s t r o n g  p e a k  a t  1445 cm "1 . A h ig h
r e s o l u t i o n  m ass  s p e c tru m  show ed  th e  m o le c u la r  fo rm u la  t o  b e
C15H26N2 ‘ T h is  d a t a  i t s e l f  i n d i c a t e d  t h a t  th e  a l k a l o i d  w as n o t
a  p y r r o l i z i d i n e , a n d  c e r t a i n l y  n o t  d e c o r t i c a s i n e  (198) . The
1 13t r u e  i d e n t i t y  o f  t h e  com pound becam e a p p a r e n t  fro m  th e  H a n d  C
n . m . r  s p e c t r a .  A l l  o f  t h e  p e a k s  i n  t h e  1H n .m . r  s p e c t r u m  l i e
b e lo w  2 .5 0  p .p .m  an d  a r e  a l l  f a i r l y  b r o a d .  An i n t e r e s t i n g  p o i n t
i s  t h a t  w hen  t h e  ^  n .m . r  s p e c t r u m  i s  ru n  i n  d e u t e r i o c h l o r o f o r m  t h e
s i g n a l s  a r e  m uch b r o a d e r  t h a n  i n  t h e  s p e c tru m  ru n  i n  d  - b e n z e n e .
6
T h i s  may b e  d u e  t o  t h e  s m a l l  am oun t o f  a c i d  p r e s e n t  i n  t h e
d e u t e r i o c h l o r o f o r m  l e a d i n g  t o  p a r t i a l  p r o t o n a t i o n  o f  t h e  n i t r o g e n
a to m s .  The o n ly  n o t a b l e  f e a t u r e s  o f  t h e  p r o t o n  r e s o n a n c e  s p e c t r u m
w e re  t h e  d o u b l e t  s p l i t t i n g s  a t  0 . 7 ,  2 .0 3  a n d  2 ,2 2  p .p .m .  The 
135 0  MHz C n . m . r  s p e c t r u m , r u n n in g  a  DEPT s e q u e n c e ,  show ed  e l e v e n  
m e th y le n e  s u b s t i t u t e d  c a r b o n s ,  f o u r  m e th in e  s u b s t i t u t e d  c a r b o n s  a n d  
n o  o t h e r s .
T he a b o v e  s p e c t r a  w e re  i d e n t i c a l  t o  th o s e  o f  a  sa m p le  o f  
s p a r t e i n e  ( 1 9 9 ) .  The o p t i c a l  r o t a t i o n  v a lu e  o f  t h i s  i s o l a t e d  
s a m p le  sh o w ed  t h a t  i t  was ( - )  - s p a r t e i n e , an  a l k a l o i d  m ore u s u a l l y  
f o u n d  i n  t h e  Lupinus  s p e c i e s  p a r t i c u l a r l y  Lupinus l u t e u s  a n d  
L • a n g u s t i  f o l i u s .
S in c e  t h e r e  a r e  a l r e a d y  o t h e r  p l a n t s  a v a i l a b l e  f o r  t h e  
b i o s y n t h e t i c  s tu d y  o f  ( - ) - s p a r t e i n e  (1 9 9 ) ,  i t  w as d e c id e d  t o  s t o p  
t h e  w o rk  o n  A . d e c o r t i c a n s  a t  t h i s  p o i n t .
I t  h a s  b e e n  s u g g e s t e d  t h a t  l o l i n e  a l k a l o i d s ,  s u c h  a s
2
d e c o r t i c a s i n e  (198) a r e  fo rm e d  b y  f u n g i  w h ich  i n f e c t  c e r t a i n  p l a n t s .
110
T h is  may e x p l a i n  o u r  f a i l u r e  t o  i s o l a t e  d e c o r t i c a s i n e  (198) 
f ro m  h e a l t h y  A. d e c o r t i c a s i n e ,
5 .6  C o n c l u s i o n s .
T he r e s u l t s  c o n ta in e d  w i t h i n  t h i s  C h a p te r  h a v e  h e lp e d  t o  
w id e n  t h e  s c o p e  o f  t h e  b i o s y n t h e t i c  k n o w le d g e  o n  t h e  p y r r o l i z i d i n e  
a l k a l o i d s . T h is  i n c l u d e s  some new w ork  on  t h e  p r e v i o u s l y  
u n e x a m in e d  n e c i n e  (14).
(1 9 9 )
Ill
CHAPTER 6
SYNTHESIS OF ANALOGUES OF NECINE BASES 
6 .1  A New N e c in e  A n a lo g u e
As d i s c u s s e d  p r e v i o u s l y  th e  p y r r o l i z i d i n e  a l k a l o i d s  w i t h  
t h e  m o s t  i n t e r e s t i n g  b i o l o g i c a l  a c t i v i t y  a r e  th o s e  w h ic h  c a r r y  a n  
a l l y l i e  e s t e r  f u n c t i o n a l i t y ,  su c h  a s  i n  r e t r o r s i n e  ( 1 7 ) .  M ost 
o f  t h e  p y r r o l i z i d i n e  a l k a l o i d  a n a lo g u e s  t h a t  h a v e  b e e n  made c o n t a i n  
r e t r o n e c i n e  (3) , a s  t h e  b a s e  p o r t i o n .  I t  w a s , t h e r e f o r e ,  
e n v i s a g e d  t h a t  a  u s e f u l  t a r g e t  fro m  a  b i o - a c t i v i t y  p o i n t  o f  v ie w  
w o u ld  b e  t h e  d i o l  (24) . E s t e r  d e r i v a t i v e s  o f  t h i s  d i o l  c o u ld  b e
a s s e s s e d  f o r  h e p t a t o x i c  a c t i v i t y ,  w h e re a s  N -o x id e s  o f  t h e s e  e s t e r  
d e r i v a t i v e s  m ig h t  p o s s e s s  a n t i - t u m o u r  a c t i v i t y .
R e t r o s y n t h e t i c  a n a l y s i s  o f  s t r u c t u r e  (24) s u g g e s t s  t h a t  i t  
m ig h t  b e  c o n s t r u c t e d  u s in g  a  1 , 3 - d i p o l a r  c y c l o a d d i t i o n  r e a c t i o n  
b e tw e e n  N - f o r m y l - L - p r o l in e  (117) a n d  a  s y m m e t r i c a l ly  s u b s t i t u t e d  
a l k e n e .  The b e s t  d i p o l a r o p h i l e  i s  l i k e l y  t o  c o n t a i n  e s t e r  g r o u p s
w h ic h  c o u ld  s u b s e q u e n t ly  b e  re d u c e d  t o  t h e  r e q u i r e d  d i o l  (24) . T h is  
a p p r o a c h  t o  n e c i n e s  h a s  b e e n  d i s c u s s e d  i n  C h a p te r  3 .
R e a c t io n s  o f  t h i s  ty p e  w ere  f i r s t  r e p o r t e d  b y  G o t t h a r d t  
a n d  H u is g e n  i n  t h e i r  s tu d y  o f  N - s u b s t i t u t e d  o x a z o liu m  5 - o x id e s  a s
1 . 3 - d i p o l e s . 109 T hey n o t i c e d  t h a t  b y  h e a t i n g  L - p r o l i n e  (200) a n d
d i e t h y l  f u m a r a te  (104) a t  r e f l u x  i n  a c e t i c  a n h y d r id e ,  a  b i c y c l i c  
p r o d u c t  (201 ) w as o b t a i n e d .  T h is  w as fo rm e d  by  c y c l o a d d i t i o n  o f
t h e  o x a z o l iu m  s p e c i e s  (202) w i th  d i e t h y l  f u m a r a te  (104) . The
1 . 3 - d i p o l e  (202) w as fo rm ed  a f t e r  c y c l i s a t i o n  o f  t h e  d i a c y l  L - p r o l i n e  
d e r i v a t i v e  (203) (Schem e 44) .
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S e v e r a l  y e a r s  l a t e r , S a k d a r a t  i n  h i s  w ork on  t h e  s y n t h e s i s
o f  ( + ) - s u p i n i d i n e  n o te d  t h a t  th e  r e a c t i o n  o f  N - f o r m y l - L - p r o l i n e
( 1 1 7 ) ,  w i t h  d i e t h y l  f u m a r a te  (104) g av e  a  m ix tu r e  o f  t h r e e  m a jo r  
^ H Oco m p o u n d s . C l e a r l y ,  H u i s g e n 's  o b s e r v a t i o n  t h a t  o n ly  th e
2 - p y r r o l i n e  i s  fo rm e d  d o e s  n o t  a p p ly  i n  t h i s  c a s e .
The o v e r a l l  r o u t e  t h a t  w as c h o se n  i s  show n i n  Schem e 4 5 .
T he f i r s t  s t e p  w as a  s im p le  N - f o r m y la t io n  o f  t h e  r e a d i l y  
a v a i l a b l e  L - p r o l i n e  (200) an d  t h i s  p r o c e e d e d  i n  h i g h  y i e l d .  T h e re  
w as som e d i f f i c u l t y  i n  o b t a i n i n g  a  h ig h  p u r i t y  o f  t h i s  m a t e r i a l  a s
i t  w as o f t e n  d i f f i c u l t  t o  rem ove t r a c e s  o f  a c e t i c  a c i d  w h ic h  w e re
i n v a r i a b l y  p r e s e n t .  M u l t i p l e  c r y s t a l l i s a t i o n ,  a t  l e a s t  t h r e e  
t i m e s ,  a l t h o u g h  e x p e n s iv e  i n  t e r n s  o f  m a t e r i a l ,  g a v e  t h e  b e s t  
r e s u l t s .
T he 1 , 3 - d i p o l a r  c y c l o a d d i t i o n  r e a c t i o n  w as c a r r i e d  o u t  b y  
h e a t i n g  a t  r e f l u x  a  s o l u t i o n  o f  N - f o r m y l - L - p r o l in e  (117 ) a n d  d i e t h y l  
f u m a r a te  (104 ) f o r  s e v e r a l  h o u r s .  The p r o b a b le  m e c h a n ism  f o r
t h i s  r e a c t i o n  i s  show n i n  Scheme 4 6 . I n i t i a l l y ,  t h e  N - a c y l  am ino
a c i d  fo rm s  t h e  m ix e d  a n h y d r id e  (204) by  a c y l a t i o n  w i t h  a c e t i c
a n h y d r i d e .  T h is  d i a c y l a t e d  s p e c i e s  (204) • s p o n ta n e o u s ly  c y c l i s e s  
t o  a f f o r d  t h e  a z o m e th in e  y l i d e  (118) w h ich  c o n t a i n s  a  1 , 3 - d i p o l e .  
C y c l o a d d i t i o n  w i th  d i e t h y l  fu m a ra te  (104) g iv e s  t h e  i n i t i a l  a d d u c t  
(2 0 5 ) w h ic h ,  u n d e r  t h e  r e a c t i o n  c o n d i t i o n s ,  l o s e s  C02 v i a  a  r e t r o -
1 , 3 - d i p o l a r  p r o c e s s  g e n e r a t i n g  a  new a z o m e th in e  y l i d e  r e p r e s e n t e d  
b y  (2 0 6 a ) a n d  ( 2 0 6 b ) .
x. , 111T h is  m ech an ism  i s  s u p p o r te d  by  e v id e n c e  fro m  H u is g e n  e t  a l . 
T h ey  n o t e d  t h a t  w i th  h ig h  c o n c e n t r a t i o n s  o f  a c t i v e  d i p o l a r o p h i l e s ,
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s u c h  a s  d i e t h y l  f u m a r a t e ,  c y c l o a d d i t i o n  o f  a  s e c o n d  m o le c u le  o f  th e  
d i p o l a r o p h i l e  c a n  t a k e  p l a c e .  A d o u b le  a d d i t i o n  a d d u c t  o f  t h i s  
t y p e  h a s  b e e n  i s o l a t e d .  F o r  i n s t a n c e ,  t h e  d ip h e n y l  a z l a c t o n e  
(2 0 7 ) a d d e d  o n e  m o le c u le  o f  d i e t h y l  fu m a ra te  (104) t o  y i e l d  t h e  
a d d u c t  ( 2 0 8 ) .  E l i m i n a t i o n  o f  CO^ g e n e r a t e d  th e  a z o m e th in e  y l i d e
(2 0 9 ) w h ic h  r e a c t e d  w i th  a  f u r t h e r  m o le c u le  o f  d i e t h y l  f u m a r a te  (104) 
t o  g iv e  t h e  7 - a z o - b i c y c l o [ 2 , 2 . l ]  h e p ta n e  d e r i v a t i v e  ( 2 1 0 ) ,  w h ic h  w as 
a n  i s o l a b l e  p r o d u c t  (Schem e 47) .
T he u s u a l  c o u r s e  o f  r e a c t i o n  f o r  an  a z o m e th in e  y l i d e  s u c h  a s  
(2 0 6 a )  a n d  (206b) , i n  t h e  a b s e n c e  o f  a  d i p o l a r o p h i l e , w o u ld  b e  t o  
t a u t o m e r i s e  t o  g iv e  t h e  2 - p y r r o l i n e s  w h ich  i n  t h i s  c a s e  m eans t h a t  
t h e  tw o  p y r r o l i z i d i n e s  (211) an d  (212) s h o u ld  b e  fo u n d .  We h a v e  
c o n f i r m e d  S a k d a r a t 's  o b s e r v a t i o n ,  t h a t ,  i n  f a c t ,  t h r e e  p r o d u c t s  a r e  
fo rm e d .
S e v e r a l  s e p a r a t i o n  m e th o d s  w ere  u s e d  f o r  t h i s  m i x t u r e ,  n o n e
o f  w h ic h  w as w h o l ly  s a t i s f a c t o r y .  The v a r i o u s  t y p e s  o f  co lu m n
c h ro m a to g ra p h y  w e re  n o t  a b le  t o  s e p a r a t e  th e  c o m p o n e n ts , d u e  t o  t h e
s m a l l  d i f f e r e n c e  i n  t h e i r  R_ v a l u e s .  I n  t h e  e n d  p r e p a r a t i v e
F
" t . l  .c .  w as u s e d ,  a l t h o u g h  t h i s  to o  b r o u g h t  p ro b le m s  o f  s c a l e  a n d  o f  
p r o d u c t  r e a r r a n g e m e n t s .
F o r  t h e  tw o d i e s t e r s  (211) an d  (2 1 2 ) ,  an d  t h e i r  s t r u c t u r a l  
i s o m e r  (2 1 3 ) , s p e c t r a l  a n d  p h y s i c a l  d a t a  h a s  b e e n  a s s e m b le d  f o r  
t h e  a s s ig n m e n t  o f  s t r u c t u r e s  (211 ~ 213) .
The m ass s p e c t r a l  d a t a  f o r  e a c h  co m p o n en t sho w ed  a n  M a t  
2 5 3 , c o r r e s p o n d i n g  t o  C ^ H ^ N O ^  an d  a l a r g e  p e a k  a t  180  c o r r e s p o n d in g  
t o  l o s s  o f  C O ^E t. The i n f r a - r e d  s p e c tru m  o f  (211) sh ow ed  e s t e r
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c a r b o n y l  f r e q u e n c i e s  a t  1730  a n d  1695 c m '1 . C om ponent (212 ) h a d  
t h e s e  a b s o r p t i o n s  a t  1735 a n d  1685 c m '1 . H o w ev er, (213) sh o w ed  
e s t e r  c a r b o n y l  p e a k s  a t  1700  a n d  1600 c m '1 . I t  a p p e a r e d  t h a t
(2 1 1 ) a n d  (212) c o n ta in e d  tw o e s t e r  g ro u p s  o f  w h ic h  o n ly  o n e  w as 
c o n j u g a t e d  t o  a  d o u b le  b o n d , w h e re a s  (213) c o n ta in e d  o n ly  c o n j u g a t e d  
e s t e r s .
T he U .V . s p e c t r a  a r e  a l s o  i n d i c a t i v e  o f  a  c l e a r  d i s t i n c t i o n  
b e tw e e n  o n e  o f  t h e  d i e s t e r s  a n d  th e  o t h e r  tw o . Compound (211) 
h a d  a n  a b s o r p t i o n  a t  291 nro (e 1 4 ,9 0 0 )  w h i le  (212) h a d  a n  a b s o r p t i o n  
a t  2 9 0  nm (£ 1 4 ,9 0 0 )  . B o th  o f  t h e s e  o b s e r v a t i o n s  w e re  a s  e x p e c t e d  
f o r  t h e  " e n e - a m i n e - e s t e r "  s y s te m s  o b s e r v e d  i n  b o t h .  The N a to m  
e x t e n d s  t h e  c h ro m o p h o re  t o  a  much h i g h e r  v a lu e  th a n  w o u ld  b e  o b s e r v e d  
f o r  a  s im p le  a $ - u n s a t u r a t e d  e s t e r .  The a u x o c h ro m ic  s h i f t  i s  o f  
t h e  o r d e r  o f  65 nm.
The v e r y  d i f f e r e n t  c h ro m o p h o re  i n  (213) h a d  a  s l i g h t l y  h i g h e r  
a b s o r p t i o n  a t  300 nm, b u t  a  much l a r g e r  e x t i n c t i o n  c o e f f i c i e n t  
£ 1 9 ,4 0 0 ,  i n d i c a t i n g  a  d i f f e r e n t  ty p e  o f  s y s te m .
The n .m . r  s p e c t r a  o f  t h e  t h r e e  iso m e rs  p r o v id e d  t h e  k e y  t o  
t h e i r  i d e n t i t y .  A l l  t h r e e  s p e c t r a  w ere  s i m i l a r  w i th  t h e  e x c e p t i o n  
o f  som e i m p o r t a n t  d e t a i l s .  F o r  d i e s t e r  ( 2 1 1 ) ,  a  k e y  f e a t u r e  w as 
t h e  s i n g l e t  a t  6 .7 5  p .p .m .  (H -3) w h ic h  d i d  n o t  a p p e a r  i n  t h e  s p e c t r a  
o f  (2 1 2 ) o r  ( 2 1 3 ) .  The s p e c t r u m  o f  d i e s t e r  (212) c o n t a i n e d  a
b r o a d  t r i p l e t  a t  2 .6 5  p .p .m .  (C -7-H  ) w h ic h  was d i a g n o s t i c  f o r  t h i s  
m o l e c u l a r  s t r u c t u r e .  The H n .m . r  s p e c tru m  o f  d i e s t e r  (213) w a s ,
a s  e x p e c t e d ,  much m ore c o m p l i c a t e d .  The s i g n a l s  f o r  t h e  C -5 ,
C - 6 ,  C -7  a n d  C -8  p r o t o n s  o f  (213) a p p e a r e d  a s  a  com plex  b a n d  fro m  
2 .3 0  -  3 .1 0  p .p .m .  T h is  f e a t u r e ,  h o w e v e r , h e lp e d  t o  d i s t i n g u i s h
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t h e  s p e c t r u m  o f  (213) fro m  th o s e  o f  (211) and  ( 2 1 2 ) .
H a v in g  e s t a b l i s h e d  th e  s t r u c t u r e s  o f  th e  t h r e e  d i e s t e r s ,  
t h e  t a s k  w as t h e n  t o  r a t i o n a l i s e  th e  f o r m a t io n  o f  t h e  t h i r d  i s o m e r
(2 1 3 ) . T h i s  3 - p y r r o l i n e  d e r i v a t i v e  w as n o t  th e  e x p e c t e d  p r o d u c t
o f  a  1 , 3 - d i p o l a r  c y c l o a d d i t i o n ;  i t s  f o r m a t io n  h a d  n o t  b e e n  o b s e r v e d  
p r e v i o u s l y .  I t  a p p e a r s ,  t h a t  u n d e r  th e  c o n d i t i o n s  o f  t h e  r e a c t i o n ,
t h e  2 - p y r r o l i n e s  p a r t i a l l y  i s o m e r i s e d  t o  g iv e  t h e  3 - p y r r o l i n e .
L o o k in g  a t  t h e  s t r u c t u r e s  o f  th e  d i e s t e r s  (211) an d  (212) t h i s  i s ,  
p e r h a p s ,  n o t  u n e x p e c te d .  I s o m e r i s a t i o n  o f  (211) w i th  i t s  t r i ­
s u b s t i t u t e d  d o u b le  b o n d  i n t o  (213) w i th  i t s  t e t r a s u b s t i t u t e d  d o u b le  
b o n d  w o u ld  seem  t o  b e  a  f e a s i b l e  s t e p .  The d o u b le  b o n d  i n  d i e s t e r
(2 1 2 ) may b e  s t r a i n e d  b e in g  on th e  b r id g e h e a d  o f  a  b i c y c l o [ 3 .3 .0 ]
s y s t e m .  I n  a d d i t i o n ,  f o r m a t io n  o f  (213) from  (211) o r  (212)
r e q u i r e s  t h e  r e m o v a l  o f  an  H a tom  fro m  th e  a - p o s i t i o n  o f  a n  e s t e r  
g r o u p .  T he r e v e r s e  p r o c e s s  i s  u n l i k e l y  t o  o c c u r .  U n d e r th e  
c o n d i t i o n s ,  t h e r e f o r e ,  i t  i s  n o t  s u r p r i s i n g  t h a t  i s o m e r i s a t i o n  c a n  
t a k e  p l a c e .
The i m p o r t a n t  q u e s t i o n  a t  t h i s  p o i n t  w as c o u ld  t h e  i s o m e r ­
i s a t i o n  b e  a d a p te d  t o  g iv e  o n ly  one o f  th e  d i e s t e r  p r o d u c t s ,  
h o p e f u l l y  d i e s t e r  (2 1 3 )?  I n  t h e  r e a c t i o n  i t s e l f ,  t h e  i s o m e r ­
i s a t i o n  w as o b v i o u s l y  n o t  c o m p le te  s o  d i f f e r e n t  c o n d i t i o n s  fro m  
AC^O/AcOH w o u ld  h a v e  t o  b e  u s e d .
The m o s t o b v io u s  s t e p  was t o  t r e a t  th e  m ix tu r e  w i th  b a s e  a n d
o b s e r v e ,  b y  * t . l . c . ,  w h a t h a p p e n e d . U s in g  f i r s t  o f  a l l  K2CC>3 ,
t h e n  E t  N , g a v e  no  ch a n g e  t o  t h e  m ix tu r e  i n  e i t h e r  c a s e .  U s in g  
t h e  n o n - n u c l e o p h i l i c  b a s e  DBU, h o w e v e r , d i d  c a u s e  a  c h a n g e .  The 
n o r m a l  - t. 1 .c. p a t t e r n  f o r  th e  b a s e s  ( 2 1 1 ) ,  (212) a n d  (213) i s  show n
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i n  F i g u r e  1 4 . From  t h i s  e v id e n c e  i t  a p p e a r e d  t h a t  t h e  b a s e  
t r e a t m e n t  c a u s e d  th e  am oun t o f  i s o m e r  (213) t o  i n c r e a s e .  C l o s e r  
i n s p e c t i o n  o f  t h e  s y s te m  r e v e a l e d  t h i s  m ig h t  n o t  b e  t h e  w h o le  
p i c t u r e .  N o rm a lly ,  t h e  b a s e s  w e re  l o c a t e d  u s in g  t h e  m o d i f i e d
r f rf
0 .4 7 1 DBU S (211)
0 .3 7 • o S (212)
0 .2 6 • 0 .2 5 1 =  (213)
F ig u r e  1 4 .
D r a g e n d o r f f  r e a g e n t  a n d  t h e  sam e w as t r u e  f o r  t h e  b a s e  t r e a t e d
108 112 m i x t u r e . L o c a t in g  th e  b a s e s  u s in g  th e  E h r l i c h  r e a g e n t
g a v e  o n e  b r i g h t  b lu e  s p o t  a t  R 0 .2 5  w h ich  h a d  n o t  b e e n  t h e r eF
p r e v i o u s l y .  [T he E h r l i c h  s p r a y  i s  u s e d  commonly t o  d e t e c t  p y r r o l i c  
m a t e r i a l s  a n d  d o e s  n o t  g iv e  an y  r e a c t i o n  f o r  b a s e  ( 2 1 3 ) ] .
So t h e  p r o c e s s  o c c u r r i n g  i n  th e  p r e s e n c e  o f  DBU i s  n o t  j u s t  
i s o m e r i s a t i o n  b u t  some o x i d a t i o n  a s  w e l l .  A d e t a i l e d  m ech an ism
f o r  t h e  r e a c t i o n  i s  n o t  know n, b u t  t h e  p r o d u c t  o f  t h e  o x i d a t i o n  h a s  
b e e n  i s o l a t e d .  The sam e p r o d u c t ,  a  v i s c o u s  b ro w n  o i l ,  a p p e a r e d  i f
t h e  m ix tu r e  o f  b a s e s  ( 2 1 1 ) ,  (212) an d  (213) w as a l lo w e d  t o  s t a n d  
o p e n  t o  t h e  a i r  f o r  any  l e n g t h  o f  t im e .  The o x i d a t i o n  p r o d u c t ,  
t h e  p y r r o l e  (214) was i s o l a t e d  ( i n  17% y i e l d  fro m  I r - p r o l i n e )  a n d  
i d e n t i f i e d  a s  d i e t h y l  2 , 3 - d ih y d r o - lH —p y r r o l i z i d i n e - 6 , 7_d i c a r b o x y l a t e
(2 1 4 ) , P u r i f i c a t i o n  b y  f l a s h  s i l i c a  co lum n c h ro m a to g ra p h y  g a v e
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a  s a m p le  w h ic h  a l lo w e d  c h a r a c t e r i s a t i o n .  H ig h  r e s o l u t i o n  m ass
s p e c t r o m e t r y  show ed  th e  m o le c u la r  fo rm u la  t o  b e  C H NO w ith  M+
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a t  2 5 1 . T he i n f r a - r e d  s p e c tru m  show ed  tw o e s t e r  c a r b o n y l  p e a k s  
a t  173 0  a n d  1690  cm c o r r e s p o n d in g  t o  t h e  tw o d i f f e r e n t  e s t e r  
g r o u p s .  The H n .m . r  s p e c tru m  show ed a  s i n g l e t  a t  6 .9 5  p .p .m .  
c o r r e s p o n d i n g  t o  th e  p y r r o l i c  C -5 p r o t o n .  T h e re  w e re  a l s o  w e l l  
d e f i n e d  t r i p l e t s  a t  3 .0 0  ( J  7 Hz) a n d  3 .9 5  ( J  8 Hz) c o r r e s p o n d in g  
t o  t h e  m e th y le n e  g ro u p s  a t  C - l  an d  C -3 r e s p e c t i v e l y .
I t  w as t o  becom e c l e a r  t h a t  t h i s  p y r r o l e  (214) w o u ld  a p p e a r  
r e p e a t e d l y  w h e n e v e r  any  w ork w as done  on  t h e  b a s e s  (211) , (212) 
o r  ( 2 1 3 ) .
I n s t e a d  o f  u s in g  DBU a s  a  b a s e ,  DABCO w as t r i e d  t o  s e e  i f
a n y  d i f f e r e n c e  w as o b s e r v e d .  T h is  t im e  t h e  T .L .C  s p o t  a t  R 0 .2 6F
c o r r e s p o n d i n g  t o  com pound (213) becam e m ore i n t e n s e  b u t  s o  d i d  t h e  
p y r r o l i c  com pound a t  R^ 0 .2 5 .
F i n a l l y ,  a c i d  i s o m e r i s a t i o n  o f  th e  m ix tu r e  w as a t t e m p te d  
i n  t h e  h o p e  t h a t  i n  th e  p r e s e n c e  o f  a c i d ,  t h e  N a to m  w o u ld  p r o t o n a t e  
a n d  t h u s  b e  rem o v ed  fro m  th e  c o n ju g a te d  s y s te m  i n  (211) a n d  (212) .
I f  t h i s  o c c u r r e d  th e n  d i e s t e r  (213) s h o u ld  b e  t h e  m o s t s t a b l e  o f
t h e  t h r e e  i s o m e r s .  U n f o r tu n a t e ly  t r e a t m e n t  o f  t h e  i s o m e r i c
m i x t u r e  w i t h  e i t h e r  HC1 i n  e t h a n o l  o r  p - t o l u e n e  s u lp h o n ic  a c i d  i n  
CHCl^ g a v e  o n ly  a  b l a c k  t a r  a s  t h e  p r o d u c t .  N o t u n e x p e c t e d ly ,  
t h e  p y r r o l e  (214) h a d  fo rm ed  an d  p o ly m e r i s e d .
A t  t h i s  p o i n t ,  i t  was d e c id e d  t h a t  t h i s  r o u t e  w as n o t  g o in g
t o  b e  s u c c e s s f u l  i n  te rm s  o f  p r o d u c in g  a  new d i o l  a n d , t h e r e f o r e ,  
t h e  w o rk  w as s to p p e d .  F o r  f u r t h e r  w o rk , t h e  n e x t  o b v io u s  s t e p
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w o u ld  b e  t o  c h a n g e  th e  e s t e r  g ro u p  o f  t h e  d i p o l a r o p h i l e .  T h is
m ig h t  g i v e  t h e  c y c l i s e d  p r o d u c t s  some e x t r a  s t a b i l i t y .
6 . 2  S y n t h e s i s  T ow ards a  New D io l  f o r  u s e  i n  B i o s y n t h e t i c  W ork .
T he d i o l  (25) w as c h o s e n  a s  a  s y n t h e t i c  t a r g e t  b e c a u s e  o f
i t s  p o s s i b l e  b i o s y n t h e t i c  u t i l i t y  i n  i n v e s t i g a t i n g  th e  p a th w a y  t o
t h e  a l k a l o i d  r o s m a r in in e  ( 4 4 ) . I t  i s  known t h a t  i s o r e t r o n e c a n o l
(5 ) i s  t r a n s f o r m e d  i n t o  r o s m a r i n i n e ,  b u t  i t  i s  n o t  known w h e th e r
113h y d r o x y l a t i o n  o f  (5) o c c u r s  f i r s t  a t  C -2 o r  0 7 .  K e l ly  o b s e r v e d  
t h a t  p l a t y n e c i n e  (8) ( c o n t a i n i n g  a  r a d i o l a b e l )  w as a  p r e c u r s o r  f o r  
r o s m a r i n i n e  ( 4 4 ) ,  s o  a  c o m p a r is o n  w i th  t h e  b i o l o g i c a l  i n c o r p o r a t i o n  
o f  d i o l  (25) w o u ld  b e  u s e f u l .
A ny s y n t h e t i c  r o u t e  w o u ld  h a v e  t o  a l l o w  t h e  i n t r o d u c t i o n
o f  a  r a d i o l a b e l ,  w h ic h  f u r t h e r  c o m p l i c a t e s  t h e  s y n t h e t i c  p r o b le m .
T he s o l u t i o n  t h a t  w as c h o s e n  u s e d  a p o p u la r  m e th o d o lo g y  
fr o m  t h e  l i t e r a t u r e ;  t h a t  o f  u s in g  a  n a t u r a l l y  o c c u r r in g  m a t e r i a l  
w h ic h  c o u ld  b e  s e l e c t i v e l y  m o d i f i e d  t o  g i v e  t h e  t a r g e t  (25) . T h is  
d i o l  (25) i s  c l o s e l y  r e l a t e d  t o  t h e  b a s e  p o r t i o n  o f  r o s m a r in in e  (44) 
( h a v in g  t h e  sam e a b s o l u t e  s t e r e o c h e m i s t r y  a t  t h e  1 - ,  2 -  an d  8 -  
p o s i t i o n s )  w h ic h  i s  a r e l a t i v e l y  a b u n d a n t  a l k a l o i d .  T h u s ,
r o s m a r in i n e  (4 4 ) w as c h o s e n  a s  t h e  s t a r t i n g  m a t e r i a l  f o r  t h e  
s y n t h e t i c  r o u t e  w h ic h  i s  show n i n  Schem e 4 8 . A n o th e r  a d v a n t a g e  o f
u s i n g  r o s m a r in in e  (4 4 ) i s  t h a t  i t  ca n  b e  e a s i l y  o b t a in e d  i n  r a d i o ­
l a b e l l e d  fo rm  b y  f e e d i n g  t h e  p a r e n t  p l a n t ,  S e n e c io  p l e i s t o c e p h a l u s ,
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w i t h  a n  a p p r o p r i a t e l y  r a d i o l a b e l l e d  p r e c u r s o r .
T he o v e r a l l  s y n t h e t i c  p l a n  i s  o n e  w h ic h  r e l i e s  on  s u c c e s s i v e  
a n d  s e l e c t i v e  p r o t e c t i o n  a n d  d e p r o t e c t i o n .
-OH
(25)
T he i n i t i a l  p r o t e c t i o n  o f  t h e  s e c o n d a r y  h y d r o x y l  g ro u p  w as
113c a r r i e d  o u t ,  u s i n g  TBDMS-Cl i n  DMF w i th  i m i d a z o l e ,  b y  K e l l y .
He n o t e d  t h a t  t r e a t m e n t  o f  r o s m a r in in e  (44) w i t h  t h e s e  r e a g e n t s  
g a v e  a n  o i l ,  w h ic h  c o n ta in e d  o n ly  one TBDMS g r o u p .  He p r o p o s e d  
t h a t  t h e  s t r u c t u r e  o f  t h i s  a d d u c t  w as ( 2 1 5 ) ,  w h ic h  w as c o n f i r m e d  i n  
t h i s  w o rk .  U s in g  t h i s  a s  th e  s t a r t i n g  p o i n t ,  i t  w as p r o p o s e d
t h a t  h y d r o l y s i s  o f  some k in d  w o u ld  g iv e  t h e  m o n o p r o te c te d  d i - a l c o h o l  
( 2 1 6 ) .  F u r t h e r  p r o t e c t i o n  o f  t h e  p r im a r y  h y d r o x y l  w o u ld  y i e l d  
t h e  d i - p r o t e c t e d  m o n o -o l (217) . The s e c o n d a r y  h y d r o x y l  w o u ld  
t h e n  b e  re m o v e d  b y  r e d u c t i o n  o f  th e  7 - 0 - m e s y l a t e . D e p r o t e c t io n  a t  
t h e  2 - 0 * a n d  9 - 0 - p o s i t i o n s  w o u ld  th e n  g iv e  t h e  d i o l  ( 2 5 ) .
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U s in g  t h e  m eth od  o f  K e l ly  g a v e ,  a s  r e p o r t e d ,  an o i l ,  i n
h i g h  y i e l d .  I t  w as c l e a r  from  t h e  XH nmr s p e c tr u m , h o w e v e r ,  t h a t
t h e  o i l  s t i l l  c o n t a in e d  an a p p r e c ia b le  am ou n t o f  DMF. T h is  w as  
r e m o v e d  b y  a z e o t r o p in g  w it h  t o l u e n e .  C r y s t a l l i s a t i o n  o f  th e
r e s u l t i n g  o i l  9 ave  a w h i t e  c r y s t a l l i n e  s o l i d  i n  h ig h
y i e l d .  H ig h  r e s o l u t i o n  m ass s p e c t r o m e t r y  sh o w ed  t h e  p r e s e n c e  o f
o n l y  o n e  S i  a to m , g i v i n g  a  fo r m u la  o f  c ^ H ^ N O g S i .  M i c r o a n a l y t i c a l
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t
(215) P = TBDMS(44)
-OP
(217 )
p r o t e c t
1) M e s y la t io n
2) H y d r id e ( e l im in a t io n )
3) D e p r o t e c t io n
H y d r o ly s i s
-OP
(216)
—OH
(25)
Schem e 4 8 , G e n e ra l  R o u te  to w a rd s  ( I S ,  2S , 8 § ) - l ^ h y d r o x y -  
m e th y l" 2 ’- 'h y d r o x y p y r r o l i z id in e  (25) ,
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d a t a  c o n f i r m e d  t h i s  t o  b e  th e  c o r r e c t  m o le c u la r  f o r m u la .  The 
i n f r a - r e d  s p e c t r u m  sh ow ed  th e  t y p i c a l  r o s m a r in in e  (44) p e a k s  p l u s  
a n  a b s o r p t i o n  a t  112 0  cm p r o b a b ly  due t o  a  S i —0  b o n d  v i b r a t i o n .
The q u e s t i o n  a t  t h i s  p o i n t  w as w h e th e r  i t  w o u ld  b e  p o s s i b l e  
t o  show  s p e c t r o s c o p i c a l l y  t h a t  t h e  S i - p r o t e c t i n g  g ro u p  h a d  becom e 
a t t a c h e d  t o  t h e  s e c o n d a r y  h y d ro x y l  an d  n o t  t h e  t e r t i a r y  h y d r o x y l .
T h i s  w as a  l i k e l y  p r o p o s i t i o n  b u t  no a c t u a l  e v id e n c e  h a d  b e e n  q u o te d  
t o  c o n f i r m  i t .
T he n . m . r  s p e c tru m  o f  t h e  2-0-TBDMS a d d u c t  (215) w as
a lm o s t  i d e n t i c a l  t o  t h a t  o f  r o s m a r in in e  i t s e l f ,  s o  c o r r e c t  a s s ig n m e n t
i s  n o t  p o s s i b l e  fro m  t h i s .  In  g e n e r a l ,  f o r  TBDMS e t h e r s ,  t h e  1H
n . m . r  s p e c t r u m  i s  l a r g e l y  u n a f f e c t e d  b y  t h e  p r e s e n c e  o f  s u c h  a  
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f u n c t i o n a l  g r o u p .  C o n f ir m a t io n  o f  t h e  p r e s e n c e  o f  th e
p r o t e c t i n g  g r o u p s  cam e from  t h e  "^ H n .m .r  a b s o r p t i o n s  f o r  t h e  tw o  
S i-C H ^  g r o u p s .  I n  TBDM S-Cl, t h e s e  a p p e a r e d  a s  a  s i n g l e t .  In  t h e  
a d d u c t  (215 ) t h e y  a p p e a r e d  a s  tw o s i n g l e t s  a t  0 .0 2  an d  0 .0 7  p .p .m  d ue  
t o  t h e i r  d i a s t e r e o t o p i c  n a t u r e .  (T h r o u g h o u t t h i s  s y n t h e s i s ,  t h e  
p r e s e n c e  o f  t h e s e  tw o  s i g n a l s  w as a u s e f u l  i n d i c a t i o n  o f  t h e  p r e s e n c e  
o f  t h e  p r o t e c t e d  s p e c i e s ) .
^  13 _
C o n f i r m a t io n  o f  t h e  s i t e  o f  p r o t e c t i o n  came fro m  t h e  C 
n . m . r  s p e c t r u m .  The C—2 s i g n a l  i n  t h i s  s p e c t r u m  came a t  7 6 .3  p .p .m ,  
c o m p a re d  t o  6 9 .1  p . p . m . ,  f o r  r o s m a r in in e  i t s e l f .  The s i g n a l  d u e
t o  t h e  C -1 2  n u c l e u s  a t  7 7 .4  was l a r g e l y  u n c h a n g e d  fro m  r o s m a r in in e  
(44) . T h i s  s h i f t ,  o f  7 .2  p . p . m . ,  i s  o f  t h e  o r d e r  e x p e c te d  f o r
s u c h  a  s y s t e m .
The n e x t  s t a g e  o f  th e  r o u t e  w as t o  rem ove t h e  m a c r o c y c l i c
d i e s t e r  p o r t i o n  o f  t h e  m o le c u le  (215) . The n a t u r e  o f  th e  
p r o t e c t i n g  g r o u p  r u l e d  o u t  th e  u se  o f  a c i d i c  c o n d i t i o n s .  I n  
a d d i t i o n ,  TBDMS e t h e r s  a r e  u n s t a b l e  t o  s t r o n g  a q u e o u s  b a s e , ^ " ^  
s o  t h e  u s u a l  B a(O H )^ h y d r o l y s i s  c o u ld  n o t  b e  u s e d  e i t h e r .  T h is  
l e f t  t h e  u s e  o f  h y d r id e  r e d u c t i o n  o f  t h e  e s t e r  g r o u p s .  The 
r e a g e n t  c h o s e n  w as DIBAL b e c a u s e  i t  g av e  a  s l i g h t l y  h i g h e r  y i e l d  
(61%) t h a n  L iA lH ^ (54%) . The r e d u c t i o n  w as c a r r i e d  o u t  a t  0°C  
i n  CH^Cl^ s o l u t i o n  a n d , a f t e r  w ork u p , t h e  p r o d u c t  w as p u r i f i e d  
b y  c o lu m n  c h ro m a to g ra p h y  on b a s i c  a lu m in a .  The p r o d u c t ,  a  mono­
p r o t e c t e d  t r i o l  (216) was o b ta in e d  a s  an  o i l  w h ic h  w o u ld  n o t  
c r y s t a l l i s e  f ro m  a  r a n g e  o f  s o l v e n t s .  T h e r e f o r e ,  a n a l y t i c a l  d a t a  
w as c o l l e c t e d  f o r  t h e  o i l .
H ig h  r e s o l u t i o n  m ass s p e c t r o m e t r y  show ed  a  m ass p e a k  a t
M 2 8 7 .1 8 9 4 ,  c o r r e s p o n d in g  t o  th e  fo rm u la  HnnN O _Si. The b a s e  
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p e a k  a t  212 c o r r e s p o n d e d  t o  l o s s  o f  a  t e r t - b u t y l  g ro u p  a n d  H^O.
T he i n f r a r e d  s p e c t r u m  show ed a  t y p i c a l  b r o a d  b a n d  a t  3320  cm \  
i n d i c a t i n g  t h e  p r e s e n c e  o f  h y d r o x y l  g r o u p s .  T h e re  w as no  s i g n
o f  a n y  e s t e r  c a r b o n y l  a b s o r p t io n  i n  t h e  s p e c tru m  c o n f i r m in g  t h a t  
r e d u c t i o n  h a d  t a k e n  p l a c e  an d  t h a t  an  a l c o h o l  w as t h e  p r o d u c t .
T h e re  w as a l s o  a n  a b s o r p t i o n  a t  1120  cm ^ c o r r e s p o n d in g  t o  th e  
S i - 0  b o n d ,  s t r o n g  e v id e n c e  t h a t  t h e  TBDMS g ro u p  h a d  s u r v i v e d  th e  
r e d u c t i o n  s t e p .
As b e f o r e ,  th e  H n .m . r  s p e c tru m  d i d  n o t  g iv e  a  g r e a t  d e a l  
o f  i n f o r m a t i o n  i n  r e l a t i o n  t o  th e  p o s i t i o n  o f  t h e  TBDMS g ro u p .
T h e re  w e re  tw o  s i n g l e t s ,  a t  0 .1 3  an d  0 .1 5  p .p .m .  f o r  t h e  d i a s t e r e o -  
t o p i c  s i l i c o n  m e th y l  p r o t o n s ,  an d  a  n in e  p r o t o n  s i n g l e t  a t  0 .9 5  p . p .  
f o r  t h e  s i l i c o n  t e r t - b u t y l  g ro u p .  An i n t e r e s t i n g  f e a t u r e  o f  th e
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s p e c t r u m  w as t h e  AB s y s te m  f o r  t h e  9-H p r o t o n s .  i n  t h e  1H n . m . r  
s p e c t r u m  o f  r o s m a r in in e  (44) , t h e s e  p r o to n s  a p p e a r e d  a s  an  AB s y s te m  
a t  4 .0 8  p .p .m .  ( J  1 2 .5  Hz a n d  1 .0  Hz) an d  4 .8 7  p .p .m .  ( J  1 2 .6  Hz 
a n d  5 .2  H z ) .  F o r  t h e  d i o l  p r o d u c t  (216) t h e  AB s y s te m  a t  3 .7 5  
p .p .m .  h a d  J  12 Hz a n d  6 H z. The o t h e r  h a l f  o f  t h e  s y s te m  w as 
o b s c u r e d  b y  t h e  h y d r o x y l  p r o t o n  a b s o r p t i o n s .  T h i s  w as an  i n d i c a t i o n  
t h a t  t h e  9 - 0 —e s t e r  g ro u p  h a d  b e e n  rem oved . T h e re  w as a l s o  a  b r o a d  
d o u b le  d o u b l e t  a b s o r p t i o n  a t  4 .5 0  p .p .m  c o r r e s p o n d in g  t o  t h e  8 -  
p r o t o n  o n  t h e  C -2 p o s i t i o n .  The p a t t e r n  o f  t h e  a b s o r p t i o n  w as d u e  
t o  t h e  u n e q u a l  c o u p l in g  w i th  t h e  d i a s t e r e o t o p i c  C -3  p r o t o n s  a n d  t h e  
C - l  p r o t o n .
13T he C n . m . r  s p e c t ru m  w as v e ry  s i m i l a r  t o  t h e  s p e c t r u m  o f
r o s m a r i n e c i n e  (10) e x c e p t  t h a t  t h e  C-2 a b s o r p t i o n  w as s l i g h t l y
h i g h e r  i n  t h e  p r o t e c t e d  v e r s i o n  (216) .
T h e  com pound (216) r e t a i n e d  i t s  o p t i c a l  a c t i v i t y ,  w i t h  an  
[a ]- v a l u e  o f  - 2 3 . 9 ° ,  co m p ared  w i th  t h e  r o s m a r in e c in e  (10) v a lu e  o f  
- 1 1 . 6 ° . 113
T he c o m b in a t io n  o f  p h y s i c a l  an d  s p e c t r o s c o p i c  d a t a  f o r  t h e
d i o l  (216 ) c o n f i r m  i t s  s t r u c t u r e  t o  b e  a s  show n. The p r e s e n c e  o f
t h e  TBDMS g ro u p  a l s o  v e r i f i e s  t h e  p r e v io u s  a s s e r t i o n  t h a t  t h e  
p r o t e c t i n g  g ro u p  w as l o c a t e d  on  t h e  CJxygSn o f  t h e  p y r r o l i z i d i n e  r i n g  
a n d  n o t  on  t h e  d i a c i d  p o r t i o n .
T he n e x t  s t e p  was t o  d e c id e  how b e s t  t o  p r o t e c t  s e l e c t i v e l y  
t h e  9-hyirajci  ^b e a r i n g  i n  m ind  t h e  r e a c t i o n s  p la n n e d  f o r  l a t e r  i n  t h e  
r o u t e .  A l i m i t i n g  f a c t o r  i n  an y  c h o ic e  w as t h e  p r e s e n c e  o f  t h e  
t e r t i a r y  n i t r o g e n  g ro u p . T h is  m ean t t h a t  t h e  r e a g e n t  c h o s e n  h a d
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t o  p r o t e c t  o n ly  t h e  p r im a r y  VvydToxyl w i th o u t  a f f e c t i n g  t h e  s e c o n d a r y  
•h y d ro x y l o r  t h e  t e r t i a r y  c r n r u n e .  To a t t e m p t  t o  k e e p  t h e  l a t e r  
d e p r o t e c t i o n s  m ore s im p le ,  t h e  TBDMS g ro u p  w as a g a in  c h o s e n .
C h a u d ra y  an d  H e rn a n d e z  h a d  r e p o r t e d  t h a t  t h e i r  s i l y l a t i n g
r e a g e n t  o f  TBDMS-C1 w i t h  DMAP s e l e c t i v e l y  p r o t e c t e d  p r im a r y  a l c o h o l s
116i n  t h e  p r e s e n c e  o f  o t h e r  a l c o h o l s  an d  a m in e s . T hey  n o t e d  t h i s
d u r i n g  t h e i r  w o rk  on  n u c l e o t i d e  s y n t h e s i s  ( s e e  F ig u r e  1 5 ) .  U s in g  
t h i s  m e th o d  on  t h e  d i o l  (216) , h o w e v e r, gav e  no  r e a c t i o n .  I n c r e a s i n g  
t h e  am o u n t o f  r e a g e n t ,  t h e  r e a c t i o n  t im e  an d  g e n t l y  h e a t i n g  f a i l e d  t o  
p r o d u c e  t h e  r e q u i r e d  p r o d u c t .
I t  w as d e d u c e d  fro m  t h e s e  o b s e r v a t i o n s  t h a t  t h e  p r im a r y  
h y d r o x y l  g ro u p  w as much l e s s  r e a c t i v e  th a n  e x p e c t e d ,  p r o b a b ly  due  
t o  t h e  p r e s e n c e  o f  t h e  2-0-TBDMS g ro u p . T h e r e f o r e ,  i t  w as d e c id e d
t o  u s e  t h e  m ore  r e a c t i v e  TBDMS-C1, DMF an d  im id a z o le  s y s te m ,  a s  u s e d  
i n  t h e  i n i t i a l  s i l y l a t i o n .  Once a g a in  t h e  r e a c t i o n  d i d  n o t  o c c u r ,  
w i t h  o n ly  s t a r t i n g  m a t e r i a l  r e c o v e r e d .  T h is  t im e  h e a t i n g  t h e  
r e a c t i o n  m ix tu r e  c a u s e d  d e c o m p o s i t io n .
I t  w as o b v io u s  a t  t h i s  p o i n t  t h a t  b o th  t h e  9 -  a n d  t h e  7-*
hydro^l g r o u p s  w e r e  v e r y  u n r e a c t i v e  and t h a t  i t  m ig h t  n o t  b e  p o s s i b l e
t o  s i l y l a t e  o n e  i n  p r e f e r e n c e  t o  t h e  o t h e r .  I n  an  a t t e m p t  t o  s e e
i f  s i l y l a t i o n  c o u ld  b e  e f f e c t e d  a t  a l l ,  t h e  h i g h l y  r e a c t i v e  TBDMS-
t r i f l a t e  (218) r e a g e n t  w as u s e d .  T h is  i s  known t o  s i l y l a t e  a
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l a r g e  r a n g e  o f  a c t i v e  an d  n o n - a c t i v e  a l c o h o l s .  S t i r r i n g  t h e
r e a g e n t  (218 ) w it h  t h e  d i o l  (216) i n  t h e  p r e s e n c e  o f  2 , 4 - l u t i d i n e  
(219 ) a t  0°C  g a v e  n o  r e a c t i o n ,  e v e n  a f t e r  s e v e r a l  h o u r s  ( m o n it o r in g  
b y  t . l . c j .  I n c r e a s i n g  t h e  te m p e r a tu r e  a l s o  c a u s e d  d e c o m p o s i t io n
o f  t h e  s t a r t i n g  m a t e r i a l .
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T h is  l a s t  r e s u l t  c a u s e d  u s  t o  lo o k  f o r  an  a l t e r n a t i v e  
p r o t e c t i n g  g ro u p  f o r  t h e  9-OH, o n e  w h ic h  w o u ld  b e  r e a c t i v e  en o u g h  t o  
a t t a c h  t o  t h e  h y d r o x y l  b u t  n o t  s o  much a s  t o  a t t a c h  t o  t h e  n i t r o g e n .  
T h e  c h o ic e  f o r  t h i s  g ro u p  w as t h e  b e n z o y l  e s t e r  w h ic h  h a d  b e e n  u s e d  
t o  g r e a t  e f f e c t  b y  G l i n s k i  an d  Z alkow  i n  t h e i r  s y n t h e s i s  o f  some 
h e l i o t r i d i n e - t y p e  a l k a l o i d s . F o r  t h e  d i o l  (216) u n d e r  s t u d y ,  we 
f i r s t l y  u s e d  b e n z o y l  c h l o r i d e  i n  a q u e o u s  so d iu m  h y d r o x id e  s o l u t i o n .  
A f t e r  w ork  up t h e r e  w as no  i n d i c a t i o n ,  i n  t h e  1H n . m . r  s p e c t r u m , 
t h a t  e s t e r i f i c a t i o n  h a d  o c c u r r e d  t o  p ro d u c e  e s t e r  (2 2 0 ) .  A s i m i l a r  
b e n z o y l a t i o n  i n  p y r i d i n e  g av e  t h e  sam e r e s u l t .
U n f o r t u n a t e l y  a t  t h i s  p o i n t  t h e  w ork h a d  t o  b e  s to p p e d  d u e  t o  
l a c k  o f  t i m e .
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6.B Conclusions
A u s e f u l  r o u t e  h a s  b e e n  s e t  o u t  an d  e s t a b l i s h e d  h e r e ,  a n d  i t
i s  a  g r e a t  p i t y  t h a t  i t  was n o t  p o s s i b l e  t o  c o m p le te  t h e  w o rk .
S e v e r a l  o p t i o n s  a r e  s t i l l  o p e n , i n c l u d i n g  t h e  f o r m a t io n  o f  t h e  t r i -
p h e n y lm e th y l  d e r i v a t i v e  (221) o r  t h e  9 - c a r b o n y l - im id a z o le
d e r i v a t i v e  (222) . The l a t t e r  c o u ld  be  u s e d  t o  p ro d u c e  t h e
b e n z o a t e  e s t e r  (220) i n  a  s i m i l a r  m anner t o  t h a t  d e s c r i b e d  by  
117G elb au m  e t  a l . Once t h i s  s e c o n d  p r o t e c t i o n  s t e p  i s  s u c c e s s f u l l y
c o m p le te d  t h e  re m o v a l o f  t h e  7 -h y d r o x y l  g ro u p  s h o u ld  b e  r e l a t i v e l y  
s t r a i g h t f o r w a r d .
6 . 4  The N e c in e  B a se s  -  C o n c lu s io n s
T he  s y n t h e s i s  o f  n e c in e  b a s e  a n a lo g u e s  i s  an  e x t r e m e ly  w id e  
f i e l d  o f  r e s e a r c h  e m p lo y in g  v e r y  many s t r a t e g i e s  an d  t e c h n i q u e s .
T he  tw o  m e th o d s  c h o se n  i n  t h i s  C h a p te r ,  a l th o u g h  n o t  e n t i r e l y  
s u c c e s s f u l ,  do d e m o n s tr a te  t h a t  b o th  c o u ld  b e  u s e f u l  f o r  p r o d u c in g  
n e c i n e  b a s e  a n a lo g u e s ,  f o r  w h a te v e r  p u r p o s e .  The r e s u l t s  d i c u s s e d  
p r e v i o u s l y  a d d  t o  t h e  w e a l th  o f  i n f o r m a t io n  a l r e a d y  a v a i l a b l e  o n  t h e  
s y n t h e s i s  o f  n e c i n e s  and  t h e i r  a n a lo g u e s .
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CHAPTER 7 
ANALOGUE SYNTHESIS
7 .1  T he S y n t h e s i s  o f  P u t r e s c i n e  A n a lo g u e s .
As d i s c u s s e d  p r e v i o u s l y  t h e r e  a r e  s e v e r a l  d i f f e r e n t  
r e a s o n s  f o r  m ak in g  a n a lo g u e s  o f  n a t u r a l  m e t a b o l i t e s .  Two su c h  
r e a s o n s  a r e  t h e  e l u c i d a t i o n  o f  enzym e m ech an ism s a n d ,  l i n k e d  v e r y  
c l o s e l y  t o  t h i s ,  t h e  d e s ig n  o f  s p e c i f i c  enzym e i n h i b i t o r s .
T h e re  a r e  many o p p o r t u n i t i e s  w i t h i n  t h e  p y r r o l i z i d i n e  a l k a l o i d
b i o s y n t h e t i c  p a th w a y  t o  s tu d y  th e  e f f e c t s  o f  a n a lo g u e s ,  b u t  i t  w as
d e c i d e d  t h a t  t h e  b e s t  c h o ic e  w o u ld  b e  t h e  c o n v e r s io n  o f  o r n i t h i n e
(21 ) i n t o  p u t r e s c i n e  (23) . T h is  s t e p  w as c h o s e n  b e c a u s e  o f  t h e
im p o r t a n c e  o f  p u t r e s c i n e  (23) i n  g e n e r a l  c e l l  m e ta b o l is m . T h is
d ia m in e  (23 ) i s  one  o f  a  num ber o f  u b i q u i t o u s  p o ly a m in e s  w h ich  a c t s
118a s  p r i m a r y  m o d u la to r s  o f  b o th  n o rm a l a n d  p a t h o l o g i c a l  c e l l  g ro w th .
P u t r e s c i n e  i t s e l f  i s  an  e s s e n t i a l  g ro w th  f a c t o r  f o r  many m ic r o o r g a n is m s
( f o r  i n s t a n c e ,  H. p a r a i n f l u e n z a e  a n d  A. n i d u l a n s )  , a  f o l l i c l e
s t i m u l a t i n g  f a c t o r  r e l e a s e r  i n  m an, an d  an  i n t e r m e d i a t e  i n  th e
b i o s y n t h e s i s  o f  t h e  im p o r ta n t  p o ly a m in e s  s p e rm in e  (30) a n d  s p e r m id in e  
119(2 9 ) . C l e a r l y  any  p r o c e s s  w h ich  r e d u c e s  t h e  am oun t o f
p u t r e s c i n e  a v a i l a b l e  w i t h i n  a  l i v i n g  c e l l  c o u ld  h a v e  s e r i o u s  
c o n s e q u e n c e s  on c e l l  g ro w th  an d  f u n c t i o n .
I n  m o s t c e l l s  t h e r e  a r e  tw o p r i n c i p a l  w ays o f  p r o d u c in g
. . 1 6 ,1 2 0  
p u t r e s c i n e ,  e i t h e r  fro m  o r n i t h i n e  (21) o r  fro m  a r g i n i n e  (28) ,
s o  i n h i b i t i o n  o f  one r o u t e  s t i l l  l e a v e s  an  a l t e r n a t i v e .  H o w ev er,
i n  c e r t a i n  lo w e r  m ic r o o r g a n is m s ,  su c h  a s  som e f u n g i ,  t h e  o n ly
b i o s y n t h e t i c  s o u r c e  o f  p u t r e s c i n e  i s  fro m  o r n i t h i n e .  H e n c e ,
i n h i b i t i o n  o f  t h i s  p r o c e s s  e f f e c t i v e l y  s t o p s  t h e  g r o w th  o f  t h e
o r g a n is m .  I t  w as t h e r e f o r e  o u r  i n t e n t i o n  t o  p r o d u c e  som e
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p o t e n t i a l  i n h i b i t o r s  o f  th e  o r n i t h i n e  t o  p u t r e s c i n e  s t e p .  T h e se
w o u ld  b e  t e s t e d  f o r  a n t i f u n g a l  a c t i v i t y  by  D r. D . W a l t e r s  a t  th e
W e st o f  S c o t l a n d  A g r i c u l t u r a l  C o l l e g e ,  A u c h in c r u iv e . I n  a d d i t i o n ,
t h e  com pounds w o u ld  b e  f e d  t o  some p y r r o l i z i d i n e - a l k a l o i d  p r o d u c in g
99p l a n t s  a n d  h a i r y  r o o t  c u l t u r e s  t o  o b s e rv e  w h a t  e f f e c t ,  i f  a n y , 
w as o b t a i n e d .
T he c o n v e r s io n  o f  o r n i t h i n e  i n t o  p u t r e s c i n e  i s  an  enzym e 
m e d ia te d  p r o c e s s  c o n t r o l l e d  b y  th e  enzyme o r n i t h i n e  d e c a r b o x y la s e  
(O .D .C ) . T h is  i s  a  r e l a t i v e l y  w e l l  known enzym e a n d  t h e r e  a r e  
s e v e r a l  com pounds w h ic h  i n h i b i t  t h i s  enzyme i n c l u d i n g  t h e  tw o 
o r n i t h i n e  a n a l o g u e s ,  a - d i f l u o r o m e t h y l o r n i t h i n e  (aHDFMO) (223) , i t s  
m e th y l  e s t e r  (224) a n d  p u t r e s c i n e  i t s e l f .  The l a t t e r  o b s e r v a t i o n  
g i v e s  a n  i n d i c a t i o n  a s  t o  how ODC i s  r e g u l a t e d ;  a  h i g h e r  c o n c e n t r a t i o n  
o f  p u t r e s c i n e  r e s u l t s  i n  a  lo w e r  enzym e r e a c t i o n  r a t e .
T he tw o  o r n i t h i n e  a n a lo g u e s  (223) a n d  (224) a r e  t h e  b e s t  
121know n i n h i b i t o r s  o f  ODC. No d e f i n i t e  m e c h a n ism  i s  known f o r
t h e i r  a c t i o n ,  b u t  i t  i s  th o u g h t  t o  in v o lv e  t h e  i n t e r a c t i o n  o f  th e
s u b s t r a t e  b o u n d  t o  a  p y r id o x a l  p h o s p h a te  c o f a c t o r  w i t h  t h e  enzym e
( F ig u r e  16) . The d e c a r b o x y la t i o n  p r o c e s s  m ig h t  l e a v e  th e  h i g h l y
p o l a r i s e d  C—F b o n d s  a d j a c e n t  t o  some n u c l e o p h i l e  w i t h i n  t h e  enzym e
a c t i v e  s i t e ,  a n d  t h e  enzym e c o u ld  becom e b o u n d  t o  t h e  s u b s t r a t e .
I t  s h o u ld  b e  s t r e s s e d  t h a t  t h i s  i s  o n ly  a  p o s t u l a t e d  m e c h a n ism ,
a l t h o u g h  i t  i s  known t h a t  b o th  a-DFMO (223) a n d  i t s  m e th y l  e s t e r
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(2 2 4 ) a r e  i r r e v e r s i b l e  i n h i b i t o r s  o f  some k i n d .
T he i n i t i a l  s y n t h e t i c  t a r g e t s  w ere  som e s im p le  a n a lo g u e s  
o f  p u t r e s c i n e  (30) w h ic h  may becom e r e a c t i v e  w hen b o u n d  t o
CHF.
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p y r i d o x a l  p h o s p h a te  w i t h i n  O .D .C . The c h o ic e  w as t o  make t h e
tw o  u n s a t u r a t e d  p u t r e s c i n e  a n a lo g u e s  (225) a n d  ( 2 2 6 ) .  T h e s e
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w e re  b o th  known com pounds a n d , i n  t h i s  w o rk , w e re  m ade b y  a  new 
m e th o d  in v o l v i n g  a  M its u n o b u /S ta u d in g e r  p r o c e s s  a s  d e t a i l e d  i n  
C h a p te r  5 , fro m  d i o l s  (227) a n d  (2 2 8 ) . D io l  (228) w as made b y  
s p e c i f i c  r e d u c t i o n  o f  t h e  e s t e r  g ro u p s  o f  d i e t h y l  f u m a r a te  ( 1 0 4 ) .  
T h e  d ia m in e s  (225) an d  (226) w ere  t e s t e d  f o r  a n t i - f u n g a l  a c t i v i t y  
a g a i n s t  P e n i c i I l i u m  c a n a d e n s e  I  i n  G lasgow  b y  M rs. P . T a i t  i n  t h e  
M y co lo g y  U n i t .  Zones o f  i n h i b i t i o n  w ere  c l e a r l y  v i s i b l e  f o r  t h e
t r a n s - i s o m e r  (226) a t  l o a d i n g s  o f  10 ug -  1 mg, b u t  n o t  f o r  t h e  
c i s - d i a m i n e  (2 2 5 ) .  More d e t a i l e d  t e s t s  a r e  b e in g  c a r r i e d  o u t
o n  r u s t  f u n g i  b y  D r. D. W a l te r s  a t  A u c h in c r u iv e .
•nh2
-nh2
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T he n e x t  s t e p  was t o  c h o o se  t a r g e t s  w i th  s i m i l a r
p r o p e r t i e s  t o  t h e  d ia m in e s  (225) a n d  (226) b u t  w i th  g r e a t e r
r e a c t i v i t y  o r  p o t e n t i a l  r e a c t i v i t y .  An im p o r t a n t  r o u t e  t o
d e s i g n i n g  s p e c i f i c  i n h i b i t o r s  i s  t o  s e l e c t  a  s m a l l ,  i n e r t  g ro u p
t h a t  c a n  b e  m o d i f i e d  i n t o  a  m ore r e a c t i v e  s p e c i e s  b y  u n d e r g o in g  
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a  t r a n s f o r m a t i o n .  I t  was f e l t  t h a t  a  goo d  c h o ic e  w o u ld  b e
a  c y c lo p r o p y 1 g r o u p ,  m ak ing  th e  t a r g e t s  t h e  new d ia m in e s  (229) 
a n d  ( 2 3 0 ) .  O th e r  c y c lo p ro p a n e  d e r i v a t i v e s  h a v e  b e e n  u s e d  
s u c c e s s f u l l y  a s  enzym e i n h i b i t o r s ,  f o r  i n s t a n c e ,  m e th a n o p r o l in e  
(231) i s  an  i n h i b i t o r  o f  p r o l i n e  b i o s y n t h e s i s  i n  p l a n t s .
T he s y n t h e t i c  r o u t e  to w a rd s  t h e s e  d ia m in e s  (229) a n d  (230)
w as o r i g i n a l l y  i n t e n d e d  t o  be  an e x t e n s io n  o f  t h e  r o u t e  f o r  t h e
u n s a t u r a t e d  d ia m in e s  (225) an d  (2 2 6 ) .  I t  a p p e a r e d  t h a t  a
s t r a i g h t f o r w a r d  c a r b e n e - ty p e  a d d i t i o n  t o  e i t h e r  t h e  d i o l s  (227)
a n d  (228) o r  t h e  d ia m in e s  (225) a n d  (226) w o u ld  b e  t h e  b e s t  way t o
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p r o c e e d .  A r e p o r t  b y  C o n ia  e t  a l-  i n d i c a t e d  t h a t  u s i n g  a  z i n c -  
s i l v e r  c o u p le  a n d  d i i o d o  m eth an e  (232) on an  e l e c t r o p h i l i c  d o u b le  
b o n d , s u c h  a s  i n  d i e t h y l  fu m a ra te  (104) w o u ld  g iv e  g o o d  r e s u l t s .
A sa m p le  o f  Zn/A g c o u p le  was made u s in g  t h e  C o n ia  m e th o d  
a n d  r e a c t e d  w i t h  d i io d o m e th a n e  (232) fo l lo w e d  b y  r e a c t i o n  w i th  
r e d i s t i l l e d  d i e t h y l  fu m a ra te  (1 0 4 ) . Upon w ork up o f  t h e  r e a c t i o n ,  
t h e  o n ly  i d e n t i f i a b l e  m a t e r i a l  was t h e  s t a r t i n g  d i e s t e r ,  w h ic h  w as 
r e t u r n e d  i n  8% y i e l d .  The r e s i d u e s  l e f t  a f t e r  t h e  w ork  up 
p r o c e d u r e  t u r n e d  r a p i d l y  b r i g h t  y e l lo w  th e n  b ro w n , i n d i c a t i n g  t h e  
p r e s e n c e  o f  some r e a c t i v e  s p e c i e s .  I t  was n o t  p o s s i b l e  t o  s a y  
i f  t h e  d i e t h y l  f u m a r a te  was r e a c t i n g  in  an  u n e x p e c te d  w ay , o r  i f  
t h e  c y c lo p r o p a n e  w as i n i t i a l l y  b e in g  fo rm ed  an d  th e n  d e c o m p o s in g .
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I t  a p p e a re d  a t  t h i s  p o i n t  t h a t  e i t h e r  t h e  a lk e n e  (104)
o r  t h e  c a r b e n o id  s p e c i e s  w as t o o  r e a c t i v e  t o  u s e  f o r  t h i s
s y n t h e s i s .  An a l t e r n a t i v e  t o  t h e  Zn/A g c o u p le  w as t h e  o l d e r  
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Z n /C u  c o u p l e ,  f i r s t  u s e d  b y  Simmons an d  S m ith .  T h i s  c o u p le  
i s  m ore  d i f f i c u l t  t o  make i n  r e a c t i v e  fo rm , r e q u i r i n g  h i g h l y  
p u r i f i e d  s t a r t i n g  m a t e r i a l s .  H ow ever i t  c a n  b e  made i n  b u lk  a n d  
s t o r e d  f o r  some t im e  w i th o u t  l o s s  o f  a c t i v i t y .  I n  c o n t r a s t ,  t h e  
Z n /A g  c o u p le  h a s  t o  b e  made a n d  u s e d  i n  s i t u .
U s in g  a  Z n/C u c o u p le ,  p r e p a r e d  b y  t h e  Simmons an d  S m ith
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m e th o d , a lo n g  w i th  d i io d o m e th a n e  (232) a n d  d i e t h y l  f u m a r a te  
g a v e  c o m p le te  r e c o v e r y  o f  s t a r t i n g  m a t e r i a l s .  To t e s t  t h e  
a c t i v i t y  o f  t h e  c o u p le ,  i t  w as d e c id e d  t o  fo rm  a s im p le  c y c l o ­
p r o p a n e  d e r i v a t i v e  o f  an  a l k e n e .  The ex am p le  c h o s e n  w as n o r c a r a n e
127(2 33) w h ic h  w as made s u c c e s s f u l l y  b y  Simmons a n d  S m ith ,  a n d  b y
128L e G o f f  u s in g  t h e  Zn/C u c o u p le .  The r e a c t i o n  o f  c y c lo h e x e n e  
w i t h  d i io d o m e th a n e  an d  t h e  Z n /C u  c o u p le  p ro d u c e d  n o r c a r a n e  (2 33) 
i n  40% y i e l d .  T h is  w as l e s s  th a n  t h e  q u o te d  f i g u r e  (56%) b u t  
i t  d i d  show  t h a t  t h e  Z n/C u c o u p le  p r e p a r e d  w as a c t i v e .  T h e r e f o r e ,  
i t  w as d e c id e d  t o  make a  d i f f e r e n t  c h o ic e  o f  t h e  a lk e n e  f o r  t h e  
r e a c t i o n .
T he  n a t u r e  o f  t h e  c a r b e n o id  s p e c i e s  i n  t h i s  r e a c t i o n ,  a n d  
t h e  m ech an ism  o f  t h e  c y c lo p r o p a n a t io n  a r e  n o t  p r e c i s e l y  know n. I t  
i s  b e l i e v e d  t h a t  t h e  m e th y le n e  t r a n s f e r  s p e c i e s  i s  a s  show n i n  
F i g u r e  1 7 , w i th  t h e  c o p p e r  h a v in g  no r o l e  o t h e r  th a n  a c t i v a t i n g  
t h e  z i n c  s u r f a c e . 127 The e v id e n c e  a v a i l a b l e  s u p p o r t s  t h e  v ie w  
t h a t  t h e  r e a c t i o n  m echan ism  i s  a  one  s t e p  p r o c e s s .  The q u a s i -  
t r i g o n a l "  129 m e th y le n e  g ro u p  o f  io d o m e th y lz in c  i o d i d e  a d d s  t o  t h e
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^ b o n d  su c h  t h a t  b o th  new c a r b o n - c a r b o n  b o n d s  a r e  fo rm e d  
s i m u l t a n e o u s l y .  The m ain  e v id e n c e  t o  s u p p o r t  t h i s  i s  t h a t  c y c l o ­
p r o p a n e  f o r m a t io n  o c c u r s  i n  s t e r e o s p e c i f i c  f a s h i o n . 130 U s in g  
c is _ -a n d  t r a n s - a lk e n e s  u s u a l l y  g i v e s  c i s -  an d  t r a n s ~ c y c lo p r o p a n e s .
T h i s  r e a s o n i n g  i n d i c a t e d  t h a t  t h e  c i s - a n d  t r a n s - b u t - 2 - e n e  d i o l s  
(2 2 7 ) a n d  (228) o r  d ia m in e s  (225) an d  (226) m ig h t  be  s u i t a b l e  
co m p o u n d s  f o r  t h e  c y c lo p r o p a n a t io n  r e a c t i o n s .  I n  a d d i t i o n /  i t  i s
know n t h a t  o x y g en  f u n c t i o n s  c l o s e  t o  t h e  a lk e n e  c an  c o o r d i n a t e  w i t h
129t h e  z i n c  r e a g e n t ,  an d  l e a d  t o  i n c r e a s e d  r a t e s  an d  y i e l d s .
T y p i c a l l y ,  h y d r o x y l  o r  e t h e r  g ro u p s  a r e  u s e d  f o r  t h i s  p u r p o s e .
I t  w as d e c id e d  t h a t  a  s u i t a b l e  c h o ic e  o f  o l e f i n i c  
s t a r t i n g  m a t e r i a l s  w o u ld  b e  t h e  d i o l s  (227) a n d  (228) an d  t h e i r  
t e t r a h y d r o p y r a n y l  ( th p )  e t h e r s  (234) a n d  (2 3 5 ) .
T he  th p  e t h e r s  w e re  made by  a  s t a n d a r d  m eth o d  g i v i n g  
s a t i s f a c t o r y  a n a l y t i c a l  d a t a .  R e a c t io n  o f  t h e s e  tw o th p  e t h e r s  
(2 3 4 ) a n d  (235) w i th  a  c a r b e n o id  s p e c i e s  a c c o r d in g  t o  t h e  m e th o d  
o f  C o n ia  o r  o f  Simmons an d  S m ith  g a v e  no f o r m a t io n  o f  c y c lo p r o p a n e ,  
w i t h  c o m p le te  r e c o v e r y  o f  s t a r t i n g  m a t e r i a l .  S i m i l a r  r e s u l t s
w e re  o b t a i n e d  w i th  t h e  tw o b u t - 2 - e n e  d i o l s  (227) a n d  (228) .
F a c e d  w i th  t h i s  l a c k  o f  s u c c e s s  f o r  t h e  c a r b e n o id  a p p r o a c h
t o  t h e  s y n t h e s i s ,  a  new r o u t e  w as d e v i s e d  w h ic h  a v o id e d  t h e  u s e  o f
s u c h  s p e c i e s .  I n  a  1965 r e p o r t ,  A b e l l  an d  L ennon  s t u d i e d  t h e
• „ 131d e c a r b o x y l a t i o n  o f  some 1 ,1 ,2 - c y c l o a l k a n e  t r i c a r b o x y l i c  a c i d s .
T h e y  n o t e d ,  i n  p a r t i c u l a r ,  t h a t  t h e  p r o d u c t s  o f  t h e  th e r m a l  d e c a rb o x y  
l a t i o n  o f  1 ,1 ,2 - c y c l o p r o p a n e  t r i c a r b o x y l i c  a c i d  (236) d e p e n d e d  on 
w h e th e r  a c i d i c  o r  b a s i c  c o n d i t i o n s  w ere  u s e d .  In  t h e  p r e s e n c e  o f
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c o l l i d i n e  ( 2 ,4 , 6 - t r i m e t h y l p y r i d i n e )  (237) t h e  c i s - l , 2 - c y c l o p r o p a n e -  
d i c a r b o x y l i c  a c i d  (238) was t h e  m a jo r  p r o d u c t /  an d  t h e  c o r r e s p o n d in g  
t r a n s - d i a c i d  (239) w as a  m in o r  c o n s t i t u e n t .  W ith  no s o l v e n t  
p r e s e n t ,  t h e  p r o p o r t i o n s  o f  d i a c i d s  (238) a n d  (239) w ere  a p p r o x ­
i m a t e l y  e q u a l  w h i le  i n  t h e  p r e s e n c e  o f  5 ^  HC1 s o l u t i o n ,  t h e  t r a n s  
p r o d u c t  (239) was p r e d o m in a n t .  I t  w as h o p e d  t h a t  t h i s  o b s e r v a t i o n  
c o u l d  b e  u s e d  on a  p r e p a r a t i v e  s c a l e  i n  t h e  s y n t h e s i s  o f  t h e  
d i a m in e s  (229) a n d  (230) . A r o u te  w as d e v i s e d  from  r e a d i l y  
a v a i l a b l e  s t a r t i n g  m a t e r i a l s  an d  i s  shown i n  Scheme 4 9 .
D i e t h y l  b ro m o m a lo n a te  (240) w as p r e p a r e d  by  a  known
132m e th o d  a n d  g av e  t h e  c o r r e c t  a n a l y t i c a l  d a t a .  The f o r m a t io n  o f
t h e  c y c lo p r o p a n e  r i n g  w as c a r r i e d  o u t  b y  a  m o d i f i c a t i o n  o f  t h e
133p r o c e d u r e  o f  B o n a v e n t e t  a l .  In  t h e i r  m e th o d , t h e  b r o m o - e s t e r
s u c h  a s  ( 2 4 0 ) ,  was r e a c t e d  w i th  m e th y l  a c r y l a t e  u s in g  so d iu m  
e t h a n o a t e  a s  t h e  b a s e .  An a t t e m p t  t o  r e p e a t  t h i s  a p p e a r e d  t o  g iv e  
o n l y  a  d i m e r i s e d  p r o d u c t .  U s in g  so d iu m  h y d r id e  i n  t e t r a h y d r o -  
f u r a n  (THF) g a v e  b e t t e r  r e s u l t s ,  w i th  t h e  c y c l i s e d  p r o d u c t  (241) 
b e i n g  o b t a i n e d  i n  62% y i e l d ,  a s  a  c l e a r  o i l .  H igh  r e s o l u t i o n
m ass  s p e c t r o m e t r y  i n d i c a t e d  t h e  m o le c u la r  fo rm u la  C11H1 6 ° 6 ' w h ic h  
c o r r e s p o n d e d  t o  t h e  d e s i r e d  p r o d u c t .  The H n .m . r  s p e c tru m  
sh o w e d  t h a t  t h e  s t r u c t u r e  w as th e  e x p e c te d  o n e .  A s id e  fro m  t h e  
p e a k s  f o r  t h e  e t h y l  an d  m e th y l e s t e r s ,  t h e r e  w as an  ABX s y s te m  
f o r  t h e  t h r e e  c y c lo p r o p y l  p r o t o n s .  T h i s  w as a n a ly s e d  i n  t h e  
u s u a l  f a s h i o n ’* '^  g i v i n g  4 .6  H z, 9 .3  Hz an d  J gx  6 .5  H z.
T he t r i a c i d  d e r i v a t i v e  (236) w as p ro d u c e d  by  b a s i c  
h y d r o l y s i s  o f  t h e  t r i e s t e r  (2 4 1 ) ,  g iv in g  a  w h i t e ,  c r y s t a l l i n e  p r o d u c t  
i n  r e a s o n a b l e  y i e l d  (61% ). A g a in , t h e  a n a l y t i c a l  d a t a  f o r  t h i s
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com pound  w e re  s a t i s f a c t o r y .  F u r th e r m o r e ,  t h e  ^H n .m . r  
s p e c t r u m  sh o w ed  a n  ABX s y s te m , w h ic h  w as v e r y  s i m i l a r  t o  t h a t  o f  
t r i e s t e r  ( 2 4 1 ) ,  w i th  4 .8  H z, 9 .4  Hz a n d  J g x  6 .5  Hz.
T he n e x t  s t a g e  i n  t h e  s y n t h e s i s  w as t h e  d e c a r b o x y l a t i o n
o f  t h e  t r i a c i d  (236) t o  g iv e  a  m ix tu r e  o f  t h e  d i a c i d s  (238) an d
131(2 3 9 ) . I n  t h e  o r i g i n a l  p a p e r ,  t h e  r e a c t i o n s  w e re  c a r r i e d  o u t  
o n  a n  a n a l y t i c a l  s c a l e ,  w i th  no  comment on w h e th e r  an y  e x p e r im e n ts  
u s i n g  l a r g e r  a m o u n ts  o f  m a t e r i a l  h a d  b e e n  a t t e m p t e d .  I n  any  
c a s e ,  i t  w as fo u n d  t h a t  t h e  r e p o r t e d  r e s u l t s  c o u ld  n o t  b e  r e p e a t e d  
u s i n g  a p p a r a t u s  a s  c l o s e  a s  p o s s i b l e  t o  t h e  o r i g i n a l  e q u ip m e n t .  
H e a t in g  t h e  t r i a c i d  (236) a t  200°C  i n  c o l l i d i n e  (237) , on a  Woods 
m e ta l  b a t h ,  g a v e  a  c ru d e  m ix tu r e  o f  d ecom posed  s t a r t i n g  m a t e r i a l  
a n d  t r i a c i d  ( 2 3 6 ) .  T h is  w as d e d u c e d  fro m  t . l . c .  a n d  ^H n .m . r  
s p e c t r a l  e v i d e n c e .
As a  m o d i f i c a t i o n ,  t h e  t r i a c i d  w as h e a t e d  a t  200°C , 
u n d e r  a  n i t r o g e n  a tm o s p h e re ,  i n  a  K u g e lro h r  a p p a r a t u s  i n  t h e  
p r e s e n c e  o f  6M h y d r o c h l o r i c  a c i d .  A g a in  t h e  r e s u l t  w as a  m ix tu r e  
o f  s t a r t i n g  m a t e r i a l  an d  d e c o m p o s i t io n  p r o d u c t s .
F i n a l l y ,  t h e  t r i a c i d  (236) w as h e a t e d  a t  200°C  i n  t h e
K u g e l r o h r  a p p a r a t u s  w i th  no s o l v e n t .  I t  w as s u g g e s t e d  t h a t  t h e
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r e a c t i o n  s h o u ld  p r o c e e d  b e t t e r  a t  a  low  p r e s s u r e .  A t a
p r e s s u r e  o f  0 . 1  mm Hg, u n d e r  t h e  ab o v e  c o n d i t i o n s ,  t h e  s o l i d
q u i c k l y  m e l t e d  a n d  a  g a s  was e v o lv e d .  T h is  w as p re s u m e d  t o  b e
C02 e m i s s i o n .  A f t e r  10 m in u te s ,  t h e  e v o l u t i o n  o f  g a s  c e a s e d
a n d  a  w h i t e  s o l i d  a p p e a r e d  i n  t h e  c o l l e c t o r  b u l b s .  R e c r y s t a l l i s a t i o n
o f  t h i s  s o l i d  g a v e  a  w h i te  c r y s t a l l i n e  m a t e r i a l ,  w h ic h  was shown
t o  b e  c i s - 1 , 2 - c y c lo p r o p a n e  d i c a r b o x y l i c  a c i d  (2 3 8 ) .  The
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r e m a in in g  b ro w n  r e s i d u e  was t r i t u r a t e d  w i th  d i e t h y l  e t h e r  l e a v i n g  
a  b ro w n  gum w h ic h  w as r e c r y s t a l l i s e d  t o  g iv e  a. w h i te  s o l i d .  I t  w as 
r e p o r t e d  t h a t  t h e  t r i c a r b o x y l i c  a c i d  i s  much m ore s o l u b l e  i n  o r g a n i c  
s o l v e n t s  t h a n  t h e  c o r r e s p o n d in g  d i c a r b o x y l i c  a c i d s . 131 H e n c e , t h e  
w h i t e  s o l i d  o b t a i n e d  w as t h e  (+ )- t r a n s - 1 , 2 - c y c lo p r o p a n e  d i c a r b o x y l i c  
a c i d  (2 3 9 ) , a n d  t h e  u n r e a c t e d  t r i a c i d  (2 36) w as rem o v ed  b y  t h e  
t r i t u r a t i o n  p r o c e s s .
T he m e l t i n g  p o i n t s  o f  e a c h  d i a c i d  (139 -  142°C  f o r  t h e
c i s - i s o m e r  (238) a n d  177°C  f o r  t h e  t r a n s - i s o m e r  (2 3 9 ))  w ere  i n
133a g r e e m e n t  w i t h  t h e  l i t e r a t u r e  v a l u e s .  T he  a n a l y t i c a l  d a t a
f o r  t h e  tw o  m a t e r i a l s  w e re  v e r y  s i m i l a r .  H ig h  r e s o l u t i o n  m ass
s p e c t r o m e t r y  a n d  m i c r o a n a l y t i c a l  d a t a  f o r  b o th  com pounds show ed  a 
m o l e c u l a r  f o r m u la  o f  C^HgO^. The i n f r a r e d  s p e c t r a  w ere  a lm o s t  
i d e n t i c a l  w i t h  b a n d s  a t  a ro u n d  3000 an d  2650 cm 1 , c h a r a c t e r i s t i c  
o f  s t r o n g l y  H -b o n d e d  c a r b o x y l i c  a c i d  h y d r o x y l  g r o u p s .  T h e re  
w e re  a l s o  b a n d s  a t  1700 cm 1 c o r r e s p o n d in g  t o  t h e  c a r b o n y l  g r o u p s .
1 13T he H a n d  C n .m . r  s p e c t r a  o f  t h e  tw o is o m e r s  w e re  b o t h  
s im p le  d u e  t o  t h e i r  i n h e r e n t  sym m etry . The c i s - i s o m e r  (238) i s  a  
me so -c o m p o u n d  w h i le  t h e  t r a n s - is o m e r  i s  c h i r a l  ( a l th o u g h  t h i s  
sa m p le  w as ra c e m ic )  w i th  an  a x i s  o f  sy m m etry . I n  th e  H n . m . r  
s p e c t r a ,  t h e  r i n g  p r o t o n s  o f  t h e  t r a n s —is o m e r  (239) g a v e  a b s o r p t i o n s  
a t  s l i g h t l y  h i g h e r  f i e l d s  t h a n  t h e  c i s - i s o m e r  (238) . The s p e c t r a  
o f  b o t h  w e re  i n s u f f i c i e n t l y  r e s o l v e d  t o  a l lo w  e x t r a c t i o n  o f  c o u p l i n g  
c o n s t a n t s .  A f t e r  s e v e r a l  r u n s  th r o u g h  t h e  d e c a r b o x y l a t i o n
p r o c e d u r e ,  i t  w as fo u n d  t h a t  t h e  c i s - i s o m e r  (238) w as o b t a i n e d  i n  
32% a n d  t h e  (+) - t r a n s - i s o m e r  (239) i n  51% y i e l d .
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H a v in g  o b t a i n e d  t h e  tw o d i c a r b o x y l i c  a c i d s  i n  p u r e  fo rm  
t h e  n e x t  s t a g e  w as t h e  r e d u c t i o n  t o  t h e  c o r r e s p o n d in g  c i s -  an d  
t r a n s - a l c o h o l s  (242) a n d  (2 4 3 ) .  I t  i s  known t h a t  c y c lo p r o p y l  
g r o u p s  a r e  s t a b l e  t o  h y d r id e  r e d u c t io n  a g e n t s ,  s u c h  a s  l i t h i u m  
a lu m in iu m  h y d r id e  (LAH). T h e r e f o r e ,  a n a l y t i c a l  s c a l e
r e d u c t i o n s  u s in g  LAH an d  DIBAL w ere  a t te m p te d  on  t h e  t r a n s - d i a c i d
(239) . I t  w as fo u n d  t h a t  a  b e t t e r  y i e l d  o f  t h e  d i o l  p r o d u c t  (243) 
w as o b t a i n e d  u s in g  t h e  DIBAL r e a g e n t .  T h e r e f o r e ,  p r e p a r a t i v e  
s c a l e  r e a c t i o n s  w e re  c a r r i e d  o u t  on b o th  d i a c i d s  (238) a n d  (239) , 
e a c h  g i v i n g  r i s e  t o  a  c l e a r  d i s t i l l a b l e  o i l .
As f o r  t h e  d i a c i d s ,  t h e  a n a l y t i c a l  d a t a  f o r  t h e  a l c o h o l  
p r o d u c t s ,  a s s i g n e d  a s  (242) a n d  (243) , w ere  v e r y  s i m i l a r .  The 
d i b e n z o a t e  d e r i v a t i v e  o f  e a c h  g av e  a  fo rm u la  fro m  m i c r o a n a l y s i s  o f  
C19H1 8 ° 4 ' i n(3 ic a t i n 9 t h a t  t h e  a l c o h o l s  h a d  t h e  fo r m u la  C5H^0 °2*
T he i n f r a r e d  s p e c t r a  o f  e a c h  w ere  i d e n t i c a l ,  w i th  a  c h a r a c t e r i s t i c  
b r o a d  h y d r o x y l  p e a k  a t  3300 cm The tw o a l c o h o l s  (242) a n d
(243) w e re  b o th  known com pounds an d  so  c o u ld  b e  i d e n t i f i e d  u s in g  
t h e i r  b o i l i n g  p o i n t s .
The 1H n . m . r  s p e c t r a  o f  th e  is o m e r s  (242) a n d  (243) 
v e r i f i e d  t h e  a s s ig n m e n ts  o f  t h e  s t r u c t u r e s .  The s p e c t r u m  o f  t h e  
t r a n s - d i o l  (243) show ed  a  d o u b le t  o f  d o u b le t s  ( J  7 Hz and6*7 Hz) a t  
0 .3 5  p .p .m .  a n d  a  m u l t i p l e t  a t  0 .9 0  p .p .m .  f o r  t h e  r i n g  p r o t o n s .  
T h i s  s p e c t r u m  a r i s e s  b e c a u s e  o f  t h e  m a g n e tic  e q u iv a l e n c e  o f  t h e  
r i n g  m e th y le n e  p r o t o n s .  T h is  m eans t h a t  t h e r e  i s  c i s - a n d  t r a n s -  
v i c i n a l  c o u p l i n g  t o  t h e  r i n g  m e th y le n e  p r o t o n s ,  b u t  n o  g e m in a l  
c o u p l i n g  b e tw e e n  t h e s e  tw o p r o t o n s .
I n  t h e  "^ H n .m . r  s p e c tru m  o f  t h e  c i s - d i o l  (242) , t h e
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m a g n e t i c  i n e q u i v a l e n c e  o f  t h e  r i n g  m e th y le n e  p r o t o n s  r e s u l t s  
i n  c o m p le x  m u l t i p l e t  s i g n a l s  f o r  t h e  r i n g  p r o t o n s .
T h e  c o n v e r s io n  o f  a l c o h o l s  (242) a n d  (243) i n t o  d ia m in e s  
w as c a r r i e d  o u t  b y  t h e  M i ts u n o b u /S ta u d in g e r  p r o c e d u r e  d e t a i l e d  i n  
C h a p te r  5 .  T he y i e l d s  o b t a in e d  w ere  s a t i s f a c t o r y  (47% an d  58%) 
g i v i n g  tw o  h y d r o c h l o r i d e  s a l t s  w h ich  c r y s t a l l i s e d  a s  n e e d l e s  fro m  
a q u e o u s  e t h a n o l / a c e t o n e .  A n a ly s i s  by  m ass s p e c t r o m e t r y  an d  
m i c r o a n a l y s i s  g a v e  t h e  m o le c u la r  fo rm u la  f o r  e a c h  a s  C5H14N2C12 .
I n  an  a n a lo g o u s  f a s h i o n  t o  t h e  d i o l s  (242) a n d  (243) t h e  n . m . r  
s p e c t r u m  o f  t h e  t r a n s - d ia m in e  (230) was much l e s s  co m p lex  th a n  
t h e  s p e c t r u m  o f  t h e  c i s - d ia m in e  (229) . H ence t h e  s t r u c t u r a l  
a s s ig n m e n t s  w e re  m ade.
T he p r o d u c t s  o f  t h i s  r o u t e  h a v e  y e t  t o  b e  t e s t e d  f o r  
a n t i - f u n g a l  a c t i v i t y .  I t  i s  a l s o  o u r  i n t e n t i o n  t o  i n v e s t i g a t e  
t h e i r  b e h a v i o u r  w i th  t h e  enzym e d ia m in e  o x i d a s e ,  w h ic h  i s  a n o t h e r  
i m p o r t a n t  enzym e on t h e  p y r r o l i z i d i n e  b i o s y n t h e t i c  p a th w a y . I t  
w as i n t e n d e d  t o  c a r r y  o u t  f e e d in g  e x p e r im e n ts  w i th  t h e s e  p u t r e s c i n e  
a n a lo g u e s  t o  s t u d y  t h e i r  e f f e c t  on t h e  p a th w a y s  t o  p y r r o l i z i d i n e  
a l k a l o i d s  a n d  t o  s e e  i f  a n a lo g u e s  o f  p y r r o l i z i d i n e  a l k a l o i d s  a r e  
p r o d u c e d .  F o r  t h i s  w o rk , i t  w as c o n s id e r e d  n e c e s s a r y  t o  h a v e  
r a d i o i s o t o p i c a l l y  l a b e l l e d  m a t e r i a l  t o  m e a su re  i n c o r p o r a t i o n  o f  
a n a lo g u e s  a n d  t o  a i d  t h e  l o c a t i o n  o f  p o s s i b l e  a n a lo g u e s  i n  co m p lex  
a l k a l o i d a l  m i x t u r e s .  T h e re  was i n s u f f i c i e n t  t im e  t o  d e v e lo p  
r o u t e s  t o  r a d i o l a b e l l e d  fo rm s o f  p u t r e s c i n e  a n a lo g u e s  ( 2 2 5 ) ,  ( 2 2 6 ) ,  
(229 ) a n d  (230) . T h is  m ig h t b e  a c h ie v e d  i n  t h e  f u t u r e  by  c a r r y i n g  
o u t  r e d u c t i o n  s t e p s  w i th  H - l a b e l l e d  r e a g e n t s .
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7 .2  C o n c lu s io n s
A s e t  o f  f o u r  s im p le  a n a lo g u e s  o f  p u t r e s c i n e  h a v e  b e e n  
p r o d u c e d  w i t h  o n e  sh o w in g  a p p r e c i a b l e  a n t i - f u n g a l  a c t i v i t y .  T h i s  
w o rk  p r o v i d e s  a  s t i m u l u s  t o  m ak ing  f u r t h e r  a n a lo g u e s  w h ic h  w o u ld  
a l lo w  a  m o re  d e t a i l e d  s tu d y  o f  t h e  s t r u c t u r a l  f e a t u r e s  r e q u i r e d  
f o r  a n t i - f u n g a l  a c t i v i t y .
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CHAPTER 8.
SYNTHESIS OF MACROCYCLIC DIESTERS OF ( - ) -PLATYNECINE
8 . 1  I n t r o d u c t i o n .
The a l k a l o i d  p l a t y p h y l l i n e  (244) h a s  b e e n  r e p o r t e d  t o  b e
w i d e l y  u s e d  i n  t h e  U .S .S .R  f o r  t h e  t r e a t m e n t  o f  i n t e r n a l  u l c e r s  
4. 1 ,1 3 7a n d  h y p e r t e n s i o n .  T h is  a l k a l o i d  (244) l a r g e l y  l a c k s  t h e
h e p a t o t o x i c i t y  u s u a l l y  a s s o c i a t e d  w i th  t h e  p y r r o l i z i d i n e  a l k a l o i d s .
T h i s  i s  b e l i e v e d  t o  b e  due t o  t h e  a b s e n c e  o f  an  a l l y l i c  e s t e r
3
f u n c t i o n  s u c h  a s  i n  r e t r o r s i n e  (17) . T h e r e f o r e ,  i t  w as d e c id e d  
t h a t  i t  w o u ld  b e  d e s i r a b l e  t o  h a v e  a  s e t  o f  m a c r o c y c l ic  a n a lo g u e s  
o f  p l a t y p h y l l i n e  ( 2 4 4 ) ,  t o  a l lo w  t h e  s tu d y  o f  th e  p h a r m a c o lo g ic a l  
p r o p e r t i e s  o f  s u c h  co m p o u n d s. T h e re  i s  o n ly  one r e p o r t e d
64s y n t h e s i s  o f  m a c r o c y c l i c  d i e s t e r s  o f  a  s a t u r a t e d  n e c in e  b a s e  a n d  no
p r e v i o u s  s y n t h e s i s  o f  t h e  d i l a c t o n e s  o f  ( - )  - p l a t y n e c i n e  ( 8 ) ,  t h e
n e c i n e  c o n t a i n e d  i n  p l a t y p h y l l i n e  ( 2 4 4 ) .  I n  f a c t ,  t h e r e  a r e  o n ly
s e v e n  know n m a c r o c y c l i c  a l k a l o i d s  w h ic h  c o n t a i n  ( ~ ) - p l a t y n e c i n e  ( 8 ) ,
2
w h ic h  h a v e  e i t h e r  1 2 -  o r  13 -m em bered  r i n g s .  T h ese  a r e  show n m  
F i g u r e  1 8 .
( _ ) - P l a t y n e c i n e  (8) i s  d i f f i c u l t  t o  o b t a i n  b e c a u s e  i t  o c c u r s  
i n  s o  few  a l k a l o i d s ,  b u t  t h e  1 ,2 - d id e h y d r o  d e r i v a t i v e  ( + ) - r e t r o n e c i n e  (3) 
i s  r e l a t i v e l y  a b u n d a n t .  A s im p le  c a t a l y t i c  r e d u c t i o n  o f  ( + ) —r e t r o —
n e c i n e  (3) g i v e s  ( - ) - p l a t y n e c i n e  ( 8 ) .
T he  l a c t o n i s a t i o n  t e c h n ig u e  u s e d  t o  make th e  1 0 — a n d  11 
m em b ered  d i l a c t o n e s  o f  b a s e  (8) w as t h e  C o re y -N ic o la o u  d o u b le  
a c t i v a t i o n "  m e th o d , v i a  th e  p y r i d i n e - 2 - t h i o l  e s t e r s  ( s e e  C h a p te r  4 ) .
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Nemorensine
Bulgarsenine
F i g u r e  18 : N a t u r a l l y  o c c u r r in g  
n e c in e  ( 8 ) .
R-H Platyphylline
R=H# geometric isomer 
-neoplatyphylline
R=0H Hygrophylline
Dihydroretrorsine
Ligularinine
m a c r o c y c l ic  d i e s t e r s  o f  ( - ) - p l a t y -
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8 .2  Preparation  o f  ( - ) -P la tyn ec in e  (8) .
T he ( + ) - r e t r o n e c i n e  (3) u s e d  i n  t h i s  s y n t h e s i s  came fro m  
h y d r o l y s i s  o f  r i d d e l l i n e  (52) . D r. M olyneux h a s  i s o l a t e d  h u g e  
q u a n t i t i e s  o f  r i d d e l l i n e  (52) fro m  SenGcio r i d d G l l i i  f o r  w ork  on  
t o x i c i t y  o f  t h e  a l k a l o i d s  t o  l i v e s t o c k .  He k i n d l y  made a v a i l a b l e  
t o  u s  t h e  m o th e r  l i q u o r s  fro m  t h e  c r y s t a l l i s a t i o n  o f  r i d d e l l i n e  (52) . 
T he l i q u o r s  w e re  r i c h  i n  e s t e r s  a n d  d i e s t e r s  o f  ( + ) - r e t r o n e c i n e  (3) , 
s o  h y d r o l y s i s  y i e l d e d  th e  u n s a t u r a t e d  b a s e  (3) w h ich  w as e x t r a c t e d  
a n d  r e c r y s t a l l i s e d  from  a c e to n e .
H y d r o g e n a t io n  o f  (+ ) - r e t r o n e c i n e  (3) o v e r  a  P d /C  c a t a l y s t  g a v e  
( - ) - p l a t y n e c i n e  ( 8 ) ,  w h ich  c r y s t a l l i s e d  from  a c e to n e ,  i n  h ig h  y i e l d .  
T he s t e r e o c h e m i s t r y  o f  t h e  p r o d u c t  i s  r a t i o n a l i s e d  b y  a s s u m in g  t h a t  
a t t a c k  f ro m  th e  a - f a c e  o f  t h e  m o le c u le  i s  g r e a t l y  p r e f e r r e d .  T h is  
i s  p r o b a b l y  due  t o  t h e  S -e n d o -h y d r o x y l  g ro u p  a t  0 7  a n d  th e  (R) -  
c o n f i g u r a t i o n  a t  0 8 .  An n .m . r  s p e c tru m  i s  show n i n  F ig u r e  1 9 . 
An i m p o r t a n t  f e a t u r e  i s  t h e  AB s y s te m  a t  3 .8 1  an d  3 .9 1  p .p .m .  d u e  
t o  t h e  d i a s t e r e o t o p i c  H-9 p r o t o n s .
8 .3  S y n t h e s i s  o f  11-M em bered D i l a c t o n e s .
11-M em bered  d i l a c t o n e s  w e re  made u s in g  f o u r  d i f f e r e n t  
g l u t a r i c  a n h y d r id e s  w i th  s u b s t i t u e n t s  a t  0 3 .  A l l  o f  th e  a n h y d r id e s  
w e re  s y m m e t r i c a l l y  s u b s t i t u t e d  t o  a v o id  t h e  f o r m a t io n  o f  d i a s t e r e o -  
m e r i c  i s o m e r s .
T r e a tm e n t  o f  ( - ) - p l a t y n e c i n e  (8) i n  d ry  1 , 2 - d im e th o x y e th a n e  
(DME) w i t h  3 , 3- d i m e t h y l g l u t a r i c  a n h y d r id e  (245) g av e  a  q u a n t i t a t i v e  
y i e l d  o f  t h e  7 -  an d  9 - m o n o e s te r s ,  (246) an d  (247) r e s p e c t i v e l y .
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T he H n . m . r  s p e c t r u m  o f  t h i s  m i x t u r e  i n  d e u t e r i o m e t h a n o l  show ed 
s i g n a l s  a t  5 4 , 2  (1H, m, 7-H) a n d  <5 4 .6 5  a n d  4 . 8 0  (2H, AB p a r t  o f  
ABX s y s t e m ,  9 “ H2) c o r r e s p o n d i n g  t o  t h e  9 - m o n o e s t e r  (247) . T h e re  
w e r e  a l s o  s i g n a l s  o f  lo w e r  i n t e n s i t y  a t  6 3 . 8  a n d  3 .9  (2H, AB p a r t  
o f  ABX s y s t e m ,  ^-H ^) and  5 .4 1  (1H, m, 7-H) c o r r e s p o n d i n g  t o  t h e
7 - m o n o e s t e r  ( 2 4 6 ) .  The i n t e g r a t i o n s  o f  t h e s e  s i g n a l s  i n d i c a t e d  
a  r a t i o  o f  6 : 1  f o r  t h e  9 -  : 7 -  m o n o e s t e r s .  The t . l . c .  on s i l i c a  
f o r  t h e  m i x t u r e s  show ed  a s i n g l e  s p o t  a t  Rp 0 . 1 .
The C o r e y - N i c o l a o u  m e th o d  was c h o s e n  f o r  l a c t o n i s a t i o n  
b e c a u s e  i t  h a d  b e e n  u s e d  s u c c e s s f u l l y  i n  a  num ber o f  r e l a t e d  
s y s t e m s  ( s e e  C h a p t e r  4) . The p y r i d i n e - 2 - t h i o l  e s t e r s  o f  mono­
e s t e r s  (246) a n d  (247) w ere  p r e p a r e d  b y  t h e  a d d i t i o n  o f  2 , 2 ' - d i t h i o -  
d i p y r i d i n e  (136) a n d  t r i p h e n y l p h o s p h i n e  (137) , u s i n g  1 . 5  e q u i v a l e n t s
o f  e a c h .  The t . l . c  o f  t h e  t h i o l e s t e r s  h a d  R 0 . 6 .F
The l a c t o n i s a t i o n  was c a r r i e d  o u t  b y  a d d i n g  t h e  t h i o l e s t e r  
m i x t u r e  t o  DME h e a t e d  a t  r e f l u x ,  a n d  c o n t i n u i n g  t h e  r e f l u x  f o r  5 
d a y s .  The h i g h  d i l u t i o n  c o n d i t i o n s  i n v o l v e d  c u t  down o n  any  
o l i g o m e r i s a t i o n  r e a c t i o n s  t h a t  m ig h t  h a v e  o c c u r r e d .
D i l a c t o n e  (248) was p a r t i a l l y  p u r i f i e d  b y  co lu m n  c h r o m a to ­
g r a p h y  o n  b a s i c  a l u m i n a ,  w h ich  rem oved  t h e  2—t h i o p y r i d o n e  (249) a n d  
t r i p h e n y l p h o s p h i n e  o x id e  (250) b y - p r o d u c t s .  F i n a l  p u r i f i c a t i o n
w as  a c h i e v e d  b y  p r e p a r a t i v e  t . l . c  on s i l i c a .  The o v e r a l l  y i e l d  
f r o m  ( —) —p l a t y n e c i n e  (8) was r a t h e r  d i s a p p o i n t i n g  a t  l l - e .  T h re e  
m ore  m a c r o c y c l i c  d i e s t e r s  ( 2 5 1 ) ,  (252) a n d  (253) w e re  made i n  a  
s i m i l a r  way w i t h  y i e l d s  o f  1 6 ,  13 a n d  14%, r e s p e c t i v e l y .
The i n f r a - r e d  s p e c t r a  o f  e a c h  o f  t h e  m a c r o c y c l e s  show ed a p e a k
155
OH
( 8 )
DME
0 R 2 ©
(246) R = .CCXa C(CH3) 2CH2C02
R2 = H
(247) Rx « H,
e
R = COCH2C(CH3) 2CH2C02
N S —S ( 1 3 6 )
P P h 3  ( 1 3 7 )
DME _ r e f l u x
' > )  H3C c h 3
7- t h i o l e s t e r
156
DME # reflux
(2 a)
o
PPh3
( 2 5 0 )
(248) R = R2 = CH3
(251) R = R2 = H
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a t  c a .  1740  cm c o r r e s p o n d i n g  t o  t h e  s a t u r a t e d  e s t e r  c a r b o n y l  
g r o u p s .  The d i l a c t o n e s  d i s p l a y e d  a c c u r a t e  m ass  m e a s u r e m e n t s  
g i v i n g  t h e  a p p r o p r i a t e  m o l e c u l a r  f o r m u la  i n  e a c h  c a s e .  A n a l y s i s  
o f  t h e  m ass  s p e c t r a  show ed  m a jo r  f r a g m e n t a t i o n  p a t t e r n s  o f  m/ z
M , 1 3 8 ,  1 2 2 ,  1 2 1 ,  1 0 8 ,  8 2 ,  8 1 ,  8 0 .  A p o s s i b l e  f r a g m e n t a t i o n
138p a t t e r n  i s  shown i n  Scheme 5 0 .
A c h a r a c t e r i s t i c  f e a t u r e  o f  e a c h  o f  t h e  n . m . r  s p e c t r a  was
t h e  d o w n f i e l d  s h i f t  o f  t h e  7 -  a n d  9 -  p r o t o n s .  I n  p a r t i c u l a r ,  t h e  
p r o t o n s  a t  C-9 show ed  an  AB p a r t  o f  an  ABX s p e c t r u m .  F o r  i n s t a n c e ,  
f o r  a n a l o g u e  ( 2 4 8 ) ,  t h e  C-9 p r o t o n s  a p p e a r e d  a t  6 4 . 2 0  a n d  4 . 3 2 .
T h u s  t h e  c h e m i c a l  s h i f t  d i f f e r e n c e  [A<S(H-9)] was 0 * 1 2  p . p . m .  A l s o ,  
f o r  d i e s t e r s  (248) , (252) a n d  (253) AB s y s t e m s  w e re  a l s o  p r e s e n t  
d u e  t o  t h e  p r o t o n s  a t  C -12  a n d  C -1 4 .  The A6(H-9) v a l u e s  f o r  t h e  
a n a l o g u e s  ( 2 5 1 ) ,  (252) an d  (253) w ere  0 . 2 5 ,  0 . 0 8  a n d  0 . 2 5
p . p . m .  r e s p e c t i v e l y .
8 . 4  S y n t h e s i s  o f  10-M em bered  D i l a c t o n e s .
The s y n t h e s i s  o f  t h e s e  compounds was c a r r i e d  o u t  b y  r e a c t i n g  
( - ) - p l a t y n e c i n e  (8) w i t h  d e r i v a t i v e s  o f  s u c c i n i c  a n h y d r i d e  t h e n  
f o r m i n g  t h e  p y r i d i n e - 2 - t h i o l  e s t e r s  a s  b e f o r e .  U s in g  s u c c i n i c
a n h y d r i d e  (254) g a v e ,  a f t e r  l a c t o n i s a t i o n ,  s u c c i n y l p l a t y n e c i n e
(255) i n  12% y i e l d .  A c c u r a t e  mass d a t a  show ed t h e  m o l e c u l a r  
f o r m u l a  t o  b e  C ^ H ^ N O ^  The XH n . m . r .  s p e c t r u m  sh o w ed  t h e  AB
s y s t e m  f o r  t h e  C-9 p r o t o n s ,  w i t h  a  A5 (H-9) v a l u e  o f  0 . 3 0  p . p . m .
The tw o o t h e r  10-m em bered  a n a lo g u e s  (256) a n d  (257) w e r e  
c h o s e n  b e c a u s e  t h e y  c a r r i e d  s u b s t i t u e n t s  a t  a - p o s i t i o n s  o f  t h e
Fi
gu
re
 
20 
: 
H 
n.
m
.r
 
sp
ec
tr
um
 
of
 
7
,9
-0
,0
-(
D
im
e
th
y
l-
g
lu
ta
ry
l)
- 
p
la
ty
n
ec
in
e 
(2
4
8
).
J 158 G>
u>
<s
(N
in
N
s
K>
in
ro
ea
in
ea
in
in
in
o
ix>
in
ic
159
or C-9 monoester
n
m h t  122
•N-
9
m/i. 13 8
N: •CH2
m l i  82
CO©
m / z  108
xX  - S S - = c h 2
m t i  8 0
N ^ r w -  @ L n 2
m / i  81
Schejpe 50,
160
O ' ^ Q ^ O
(254)
OH
( 8)
1 2  3 4(255) R = R = R = R = H
(256)  r V  = (CH ) , R2 = R4 = H
1 2 4Rx = = H, R R = (CH2) 4
1 A 0  * 3
(257) R R = (CH ) , R = R -  H 
r 1 = r 4 = n ,  R2R3 =  (CH )
161
d i a c i d  p o r t i o n s .  The e x t r a  s t e r i c  h i n d r a n c e  a r o u n d  t h e  e s t e r  
g r o u p s  i s  b e l i e v e d  t o  r e d u c e  t h e  e x t e n t  t o  w h ic h  t h e y  a r e  h y d r o l y s e d ,  
a n d  t h u s  d e t o x i f i e d ,  i n  v i v o . H en ce ,  t h e  tw o s h o u l d  h a v e  g r e a t e r
t o x i c i t y . ^
T r e a t m e n t  o f  b o t h  c i s  a n d  t r a n s - 1 , 2 - c y c l o h e x a n e  d i c a r b o x y l i c  
a n h y d r i d e ,  s e p a r a t e l y ,  g a v e ,  a f t e r  l a c t o n i s a t i o n ,  t h e  tw o  m i x t u r e s
(256)  a n d  (257) i n  11 a n d  13% y i e l d s  r e s p e c t i v e l y .  The d i a s t e r e o -  
m e r i c  p a i r s  c o u l d  n o t  b e  s e p a r a t e d  on t . l . c .  a n d  s o  d a t a  w e re  
c o l l e c t e d  on  t h e  m i x t u r e s .  The m ass s p e c t r a l ,  i n f r a - r e d  a n d  
n . m . r  d a t a  f o r  t h e  10 -m em bered  a n a lo g u e s  (255) t o  (257) w e re  
c o n s i s t e n t  w i t h  t h e  f o r m a t i o n  o f  t h e  m a c r o c y c l i c  s y s t e m .  I n  
p a r t i c u l a r ,  t h e  d i a s t e r e o t o p i c  p r o t o n s  a t  C-9 g av e  A 6 (H-9) v a l u e s  o f
0 . 1  -  0 . 3  p . p . m .  T h i s  r a n g e  i s  s i m i l a r  t o  t h a t  o f  t h e  11 -m em bered  
a n a l o g u e s  w i t h  AS (H-9) v a l u e s  o f  0 .0 8  -  0 .2 5  p . p . m .
^H N . m . r  s p e c t r o s c o p i c  d a t a  can  b e  u s e d  t o  s t u d y  t h e  
c o n f o r m a t i o n s  o f  m a c r o c y c l i c  p y r r o l i z i d i n e  a l k a l o i d s  i n  s o l u t i o n ,  
w i t h  t h e  v a l u e  o f  AS (H-9) b e i n g  u s e d  a s  a  g u id e  t o  t h e  c o n f o r m a t i o n  
a d o p t e d .  F o r  t h e  a n a l o g u e s  d e s c r i b e d  above  i t  w o u ld  a p p e a r  t h a t  
t h e  1 0 —m em bered  a n a l o g u e s  h a v e  s i m i l a r  c o n f o r m a t i o n s  t o  t h e  1 1 -  
m em b ered  s p e c i e s .  U n f o r t u n a t e l y ,  t h i s  c o u l d  n o t  b e  c o n f i r m e d
b y  X - r a y  c r y s t a l  s t r u c t u r e  a n a l y s i s .  T h i s  s i t u a t i o n  c o n t r a s t s  
w i t h  t h a t  o f  t h e  m a c r o c y c l i c  d i e s t e r s  o f  ( + ) - r e t r o n e c i n e  (3) . The 
AS (H-9) v a l u e s  a r e  0  -  0 . 9  p . p . m .  f o r  t h e  11-m em bered  r i n g s  a n d
1 . 2 5  -  1 . 5 5  p . p . m .  f o r  t h e  1 0 -  o r  12-m em bered d i l a c t o n e s .  The
1 1 -m e m b e re d  s y s t e m s  t e n d  t o  h a v e  t h e  e s t e r  c a r b o n y l s  s y n p e r i p l a n a r  
w h e r e a s  a l l  1 0 -  o r  12-m em bered  s p e c i e s  w h ich  h a v e  b e e n  s u b j e c t  t o  
X - r a y  a n a l y s i s  h a v e  a n t i p e r i p l a n a r  c o n f o r m a t i o n s .  Such
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c o n f o r m a t i o n a l  d i f f e r e n c e s  may h a v e  a  b e a r i n g  on  t h e  r e l a t i v e  
b i o l o g i c a l  a c t i v i t i e s  o f  t h e  a l k a l o i d s  a n d  a n a l o g u e s .
8 . 5  C o n c l u s i o n s .
A s e r i e s  o f  s e v e n  new 1 0 -  a n d  11-m em bered  m a c r o c y c l i c  
d i e s t e r s  o f  ( - ) - p l a t y n e c i n e  (8) h a v e  b e e n  s y n t h e s i s e d ,  u s i n g  t h e  
C o r e y - N i c o l a o u  l a c t o n i s a t i o n  s y s t e m .  The m a jo r  p r o b l e m  w i t h  t h e  
m e th o d  u s e d  w as t h e  low y i e l d s  e n c o u n t e r e d ,  e v e n  a f t e r  o p t i m i s a t i o n  
o f  t h e  r e a c t i o n  c o n d i t i o n s .  T h i s  may b e  due  t o  t h e  r e l a t i v e l y  
u n r e a c t i v e  n a t u r e  o f  t h e  ( - ) - p l a t y n e c i n e  (8) o r  t h e  i n s t a b i l i t y  
o f  t h e  p r o d u c t s  t o w a r d s  t h e  w o rk -u p  p r o c e d u r e .
H o w ev e r ,  t h e  w ork  shown ab o v e  p r o v i d e s  a  s t a r t i n g  p o i n t  f o r  
t h e  e s t a b l i s h m e n t  o f  a  s t u d y  o f  s t r u c t u r e / a c t i v i t y  r e l a t i o n s h i p s  
f o r  m a c r o c y c l i c  p y r r o l i z i d i n e  a l k a l o i d s  c o n t a i n i n g  s a t u r a t e d  b a s e s .  
T h i s  w ork  h a s  b e e n  a c c e p t e d  f o r  p u b l i c a t i o n .
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CHAPTER 9 
EXPERIMENTAL
A l l  m e l t i n g  p o i n t s  w ere  m e a s u re d  on a  K o f l e r  h o t - s t a g e
a p p a r a t u s  a n d  a r e  u n c o r r e c t e d .  O p t i c a l  r o t a t i o n s  w e re  m e a s u r e d
w i t h  an  O p t i c a l  A c t i v i t y  L t d .  AA 10 P o l a r i m e t e r .  I n f r a  r e d
s p e c t r a  w e re  o b t a i n e d  on a  P e r k i n  E lm e r  580 s p e c t r o p h o t o m e t e r .
N u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r a  w ere  r e c o r d e d  w i t h  a  P e r k i n
E lm e r  R32 s p e c t r o m e t e r  o p e r a t i n g  a t  90 MHz (60 ) , a  V a r i a n  XL-100H
s p e c t r o m e t e r  o p e r a t i n g  a t  25 MHz (5 ) , a  B r u k e r  WP200-SY s p e c t r o m e t e r
o p e r a t i n g  a t  200 MHz (6 ) ,  50 MHz (6 ) a n d  3 0 .7 2  MHz (6_) . S p e c t r a
ii C D
w e r e  r e c o r d e d  f o r  s o l u t i o n s  i n  d e u t e r i o c h l o r o f o r m  u n l e s s  o t h e r w i s e  
s t a t e d ,  w i t h  t e t r a m e t h y l s i l a n e  a s  i n t e r n a l  s t a n d a r d .  Mass s p e c t r a  
w e r e  o b t a i n e d  w i t h  A . E . I .  MS 12 o r  902 s p e c t r o m e t e r s .
T . l . c .  was c a r r i e d  o u t  on K i e s e l g e l  G p l a t e s  o f  0 . 2 5  mm 
t h i c k n e s s  a n d  d e v e l o p e d  w i t h  c h l o r o f o r m - m e t h a n o l - c o n c .  ammonia 
( 8 5 : 1 4 : 1 )  u n l e s s  o t h e r w i s e  s t a t e d .  The a l k a l o i d s  w e re  d e t e c t e d  
b y  t h e  m o d i f i e d  D r a g e n d o r f f  r e a g e n t ,  o r  by  o x i d a t i o n  w i t h  
o - c h l o r a n i l ,  f o l l o w e d  by  t r e a t m e n t  w i t h  E h r l i c h ' s  r e a g e n t .
R a d i o c h e m i c a l s  w e re  p u r c h a s e d  from  Amersham I n t e r n a t i o n a l .  
R a d i o a c t i v i t y  w as m e a s u re d  w i t h  a  P h i l i p s  PW 4700 L i q u i d  
S c i n t i l l a t i o n  C o u n t e r  u s i n g  t o l u e n e - m e t h a n o l  s o l u t i o n s .
S u f f i c i e n t  c o u n t s  w e re  a c c u m u l a t e d  t o  g i v e  a  s t a n d a r d  e r r o r  o f  
l e s s  t h a n  1% f o r  e a c h  d e t e r m i n a t i o n .  R a d i o a c t i v e  s a m p le s  w e re  
r e c r y s t a l l i s e d  t o  c o n s t a n t  s p e c i f i c  r a d i o a c t i v i t y  a n d  t h e y  w e re  
c o u n t e d  i n  d u p l i c a t e .  A P a n a x  t h i n - l a y e r  s c a n n e r  RTLS-1A w as 
u s e d  f o r  r a d i o s c a n n i n g  o f  t . l . c .  p l a t e s .
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1 , 2 - D im e th o x y e th a n e  (DME) a n d  t e t r a h y d r o f u r a n  (THF) w e re
d r i e d  b y  d i s t i l l a t i o n  fro m  p o t a s s i u m  h y d r o x i d e  a n d  t h e n  f ro m
s o d iu m - b e n z o p h e n o n e  u n d e r  a r g o n  p r i o r  t o  u s e .  N ,N - D im e th y l -
o
f o rm a m id e  (DMF) a n d  a c e t o n e  w e re  d r i e d  u t i l i s i n g  3A m o l e c u l a r  
s i e v e s .  D i c h l o r o m e t h a n e  a n d  c h l o r o f o r m  w e re  p r e - d r i e d  w i t h
c a l c i u m  c h l o r i d e ,  a n d  t h e n  d i s t i l l e d  f ro m  p h o s p h o r u s  p e n t o x i d e .  
O r g a n i c  s o l u t i o n s  w e re  d r i e d  w i t h  a n h y d r o u s  m agnes ium  s u l p h a t e  
a n d  s o l v e n t s  w e r e  e v a p o r a t e d  o f f  u n d e r  r e d u c e d  p r e s s u r e  b e lo w
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9 . 1  E x p e r i m e n t a l  t o  C h a p t e r  5 .
(a)  Emilia flammea Cass. (C o m p o s i tae )  e i t h e r  a s  f r e s h  p l a n t  
m a t e r i a l  ( c a .  900  g) o r  a s  a  h a i r y  r o o t  c u l t u r e "  ( c a .  600 g) was 
e x t r a c t e d  b y  c h o p p i n g  a n d  b l e n d i n g  w i t h  m e th a n o l .  The b l e n d e d  
m i x t u r e  w as  f i l t e r e d  a n d  t h e  f i l t r a t e  c o n c e n t r a t e d  i n  v a c u o  t o  l e a v e  a  
g r e e n  r e s i d u e .  T h i s  w as e x t r a c t e d  w i t h  1M h y d r o c h l o r i c  a c i d  (3 x
50 m l)  a n d  t h e  c o m b in e d  a c i d i c  e x t r a c t s  w e re  w a sh e d  w i t h  c h l o r o f o r m  
(6 x  100  ml) u n t i l  t h e  w a s h in g s  w ere  no l o n g e r  c o l o u r e d .  Z in c
p o w d e r  (2g) w as a d d e d  a n d  t h e  m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  
f o r  2 h .  T he s u s p e n s i o n  was t h e n  f i l t e r e d  t h r o u g h  c e l i t e ,  b a s i f i e d
(pH 9) w i t h  c o n c e n t r a t e d  ammonia s o l u t i o n ,  a n d  e x t r a c t e d  w i t h  d i c h l o r o -  
m e t h a n e  (5 x 100  ml) . The co m b in ed  o r g a n i c  l a y e r s  w e re  d r i e d ,  f i l t e r e d  
a n d  c o n c e n t r a t e d  i n  v a c u o  t o  g i v e  a  c r u d e  a l k a l o i d  m i x t u r e  ( c a .  100 mg) . 
T h i s  w as  t r i t u r a t e d  w i t h  n - h e x a n e  (8 x 2 ml) a n d  upon  s t a n d i n g  o v e r n i g h t  
a t  0 ° C ,  e m i l i n e  (22) c r y s t a l l i s e d  a s  a  w h i t e  s o l i d  (25 mg) , m .p .  105°C
( l i t . 9 1 , 9 2  105 -  1 0 7 ° C ) ;  Rp 0 . 3 4 ;  -  1 6 .5  ( c 2 ,  CHC13) ( l i t . 91
or\ - 1  93
[ a ]  - 1 3 . 1 ) ;  v (CHC1J 3020 , 2960 , 1730 a n d  1330 cm ; 6 0 . 8 5
D max 3 n
(3H, t ,  J  7 Hz, 2 1 -H 3) ,  1 .5 3  (2H, m, 20-H 2 ) , 1 .5 3  (3H, s ,  1 8 - H ^  , 2 .0 6  
(3H, s ,  N-CH3 ) , 2 . 1 0  (1H, m, 14-H) , 2 .2 0  (1H, m, 6 - H g ) , 2 .2 5  (1H, m,
15-H ) , 2 . 4 3  (1H, m, 6-H ) , 2 .6 5  (1H, m, 5-H^) , 2 . 8 0  (1H, m, 1 4 - H ) ,  2 .8 5
(1H. m, 5 -H a ) , 3 .2 0  (1H, d t ,  J  18 Hz a n d  2 . 5  Hz, 3-Ha ) , 3 .4 4  (1H, b r  d ,
J  18  H z , 3 -H 0 ) , 3 .6 6  (1H, b r ,  s ,  0 - H ) , 4 .4 6  (1H, b r ,  d ,  J ,  11 Hz, 9-H ) ,
p
4 . 8 1  (1H, t ,  »J 3 H z, 7 - H ) ,  5 .0 9  (1H, d ,  _J 11 Hz, 9-H^) , 5 . 1 0  (2H, d ,  J_
6 H z , 19-H a ) a n d  6 . 0 2  (1H, b r ,  s ,  2-H) ; 6C 1 2 .0  (C-21) , 2 6 . 5  (C-20) ,
2 8 . 5  (C -1 8 )  , 3 6 . 1  (C—1 4 ) ,  3 7 .5  (C-6) , 4 0 .2  (N-M e), 4 6 .9  ( C - 1 5 ) , 5 3 .2  (C-5)
5 8 . 6  ( C - 9 ) ,  6 6 . 6  ( C - 3 ) , 7 5 .2  ( C - 1 2 ) , 7 7 .2  ( C - 7 ) , 1 1 7 .9  ( C - 1 9 ) , 1 3 1 .8  (C-2)
1 3 5 . 7  (C—1 ) ,  1 4 6 .5  ( C - 1 3 ) , 1 7 4 .7  a n d  1 7 7 .6  ( C - l l  a n d  C-16) a n d  1 9 1 .5  
(C -8)  ; “ / z  365 (M+ , 7%), 337 , 321, 306 , 16 8 ,  1 5 1 ,  12 5 ,  110 a n d  96
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(F o u n d  M+ , 3 6 5 .1 8 3 6 .  C19H2 7N06 r e q u i r e s  M, 3 6 5 .1 8 3 8 ) .
2
(1R) - [ 1 -  H] - P u t r e s c i n e  (185) d i h y d r o c h l o r i d e  was p r e p a r e d  a c c o r d i n g  t o
32t h e  m e th o d  o f  R i c h a r d s  a n d  S p e n s e r ,  i n  a  y i e l d  o f  71% o v e r a l l  m .p .
> 30 0 °C  ( e t h a n o l / a c e t o n e ) ;  <$H (d20) 1 .9 5  (4H, b r  m, 2 -  a n d  3-H2 ) a n d
3 . 2 5  (3H, b r ,  m, 1-H a n d  4 - ^ ) .
2
(2 R ) - [ 2 -  H ] - P u t r e s c i n e  (60) D i h y d r o c h l o r i d e .
28T h i s  w as p r e p a r e d  a c c o r d i n g  t o  t h e  work o f  Kunec a n d  R o b i n s ,  
b u t  some m o d i f i c a t i o n s  w e re  made a n d  a d d i t i o n a l  s p e c t r a l  d a t a  i s  p r e s e n t e d .  
T h e r e f o r e ,  t h e  p r e p a r a t i o n s  a r e  g i v e n  i n  f u l l .
( 2 S ) - 2 - C h l o r o b u t a n e d i o i c  a c i d . ( 2 S ) - A s p a r t i c  a c i d  (100 g ,  0 .7 5 2  m o l ) ,
a n d  u r e a  (10 g) w e re  d i s s o l v e d  i n  10M h y d r o c h l o r i c  a c i d  (160 ml) an d
c o n c e n t r a t e d  n i t r i c  a c i d  (160 ml) . The s o l u t i o n  was h e a t e d  a t  70°C
f o r  5 h ,  a n d  v i g o r o u s  e v o l u t i o n  o f  b row n g a s  was n o t e d .  The s o l u t i o n
w as  c o o l e d  t o  room  t e m p e r a t u r e  an d  l e f t  f o r  1 8 h .  C r y s t a l s  o f  (2S.)-
2 - c h l o r o b u t a n e d i o i c  a c i d  w e re  f i l t e r e d  o f f ,  w a sh e d  w i t h  w a t e r  an d  d r i e d
i n  v a c u o  o v e r  P 2° 5  65%) , m .p .  179 -  180 C ( l i t .  176 ) ;  [ « ] D
- 2 1 °  (c  1 ,  Ho0) ( l i t . 139 - 2 0 . 1 ° ) ;  V (KBr) 3000 a n d  1720 cm 1 ;— '  2 max
5H (D20) 3 , 0  (2H'  ABX s y s te m f  - a b  17 HZ'  -AX,BX 8 HZ) ^  4 ’ 2 (1H/ t f
J  8 H z ) ;  6 (D90) 4 1 . 8  (C-3) , 5 5 .0  (C-2) , 1 7 4 .8  a n d  1 7 5 .9  ( C - l  a n dc ^
C -4 )  . “ / z  152 (M+ ) (F ound  : C, 3 1 .2 8  ; H, 3 .3 0  ; C l ,  2 3 . 3 9 .
C^H,-0^C1 r e q u i r e s  C, 3 1 .4 7 ;  H, 3 .2 8 ;  C l ,  2 3 .2 8 % ) .
D i e t h y l  ( 2 S ) - c h l o r o b u t a n e d i o a t e . (2S) - 2 - C h l o r o b u t a n e d i o i c  a c i d
(4 0  g ,  0 . 2 6  mmol) was d i s s o l v e d  i n  d r y  MeOH (300 ml) a n d  t h i o n y l  
c h l o r i d e  (64  g) w as  a d d e d  a t  0  C w i t h  s t i r r i n g  o v e r  10 m. The 
s o l u t i o n  w as  s t i r r e d  f o r  18 h a n d  e x c e s s  r e a g e n t s  w ere  rem oved  i n  v a c u o .  
T he  r e s i d u e  w as  p a r t i t i o n e d  b e tw e e n  s a t u r a t e d  sod ium  s u l p h a t e  s o l u t i o n  
a n d  d i e t h y l  e t h e r .  The a q u e o u s  l a y e r  was e x t r a c t e d  w i t h  d i e t h y l
e t h e r  (3  x  20  ml) a n d  t h e  c o m b in ed  o r g a n i c  l a y e r s  w ere  d r i e d ,  f i l t e r e d  
a n d  c o n c e n t r a t e d  i n  v a c u o . The r e m a i n i n g  y e l l o w  o i l  was d i s t i l l e d  t o
g i v e  a n  o i l  ( 3 9 . 8  g ,  84%) b . p .  9 4 -9 6 ° C  a t  10 mm Hg ; [ a ] D20 -  4 3°
140  o - 1
(c  1 ,  CHCl ) ( l i t .  - 4 2  ) ; V 1750  cm ; 6 3 .0 4  (2H, ABX s y s t e m ,o nicix H
-AB 17  HZ'  —AX,BX 8 HZ) '  3 *7 {3H/ S) '  3 , 8  (3H' S) a n d  4 *65 I  8 H z>
6C 3 9 . 0  (C -4 )  , 5 1 . 1  (C-3) , 5 1 .9  a n d  5 3 . 0  ( C - l  a n d  C-6) , 1 6 8 .8  a n d  1 6 9 .5
(C -2  a n d  C -5 )  ; * / z  180  (M+) (Found : M+ , 1 8 0 .0 2 0 0  ; C, 3 9 .9 1 ;  H, 4 . 8 2 ;
C l ,  1 9 . 3 3 .  C H C I O . r e q u i r e s  M, 1 8 0 .0 1 9 8 ;  C, 3 9 .8 9 ;  H, 4 . 9 9 ;6 9 4 —
C l ,  1 9 .6 7 % ) .
( 2S) - 2 - C h l o r o b u t a n e - l , 4 - d i o l  ( 1 8 7 ) .  A s o l u t i o n  o f  d i m e t h y l  ( 2 S ) - 2 -
c h l o r o b u t a n e  d i o a t e  (24 g ,  0 . 1 3  mol) i n  t o l u e n e  (350 ml) was c o o l e d  t o  
- 2 0 ° C  a n d  d i - i s o b u t y l  a lu m in iu m  h y d r i d e  (1.5M i n  t o l u e n e  : 400 ml) w as 
a d d e d  o v e r  20  m w i t h  c o o l i n g  an d  s t i r r i n g .  The m i x t u r e  was s t i r r e d
f o r  30  m in  a t  - 2 0 ° C  t h e n  a l l o w e d  t o  come t o  +20 C o v e r  l h .  E t h y l  
a c e t a t e  (2 0  ml) w as  a d d e d  an d  t h e  m i x t u r e  p o u r e d  o n t o  a  s u s p e n s i o n  o f  
c e l i t e  (1 6 0  g) i n  a c e t o n e  (400  ml) . M e th a n o l  (50 ml) was a d d e d  
s l o w l y ,  t h e  m i x t u r e  w as s h a k e n  v i g o r o u s l y  u n t i l  g e l l i n g  o c c u r r e d  t h e n  
l e f t  t o  s t a n d  f o r  30 m in .  W a te r  (80 ml) was a d d e d  t o  b r e a k  up t h e
g e l  a n d  t h e  m i x t u r e  w as f i l t e r e d  a n d  w ash ed  w i t h  w a t e r  (2 x 100 ml) 
a n d  m e t h a n o l  (2 x  100m l) . The f i l t r a t e  was c o n c e n t r a t e d  i n  v a c u o
a n d  d r i e d  b y  a z e o t r o p i c  d i s t i l l a t i o n  w i t h  b e n z e n e .  The r e s i d u e
w as d i s t i l l e d  t o  g i v e  (2S) - 2 - c h l o r o b u t a n e - l , 4 - d i o l  (187) a s  a c l e a r
o i l  ( 8 . 8  g ,  53%) b . p .  7 9 -8 3 °C  a t  0 . 1  mm H g; [ a ] D21 - 440 ( c 2 ,  MeOH)
( l i t . 28 - 4 5 ° ) ;  3350  cm "1 ; 1 . 7  -  2 . 3  (2H, m) , 3 .6  -  3 .9  (4H,
m) , 4 . 0  -  4 . 4  (2H , b r  m, OH) a n d  4 . 4  -  4 . 7  (1H, m) ; 3 7 .0  (C-3) ,
5 8 . 5  ( 0 4 )  , 6 0 . 6  (C—2) a n d  6 6 . 4  (C—1) ;___/ z  124 (M ) (Found : m" ,^
1 2 4 . 0 2 8 8 ;  C , 3 8 . 7 9 ;  H, 7 . 1 2 ;  C l ,  2 8 . 9 1 .  C H .C 10- r e q u i r e s
4 9 2
M, 1 2 4 . 0 3 1 8 ;  C , 3 8 . 5 5 ;  H, 7 , 2 3 ;  C l ,  2 8 .5 % ) .
r 2 n( 2 £ ) - [ 2 -  H J - B u t a n e - 1 , 4 - d i o l . A s o l u t i o n  o f  ( 2 2 ) - 2 - c h . l o r o b u t a n e -
1 , 4 - d i o l  (4  g ,  32 mmol) i n  d r y  THF (20  ml) was a d d e d  t o  a  s u s p e n s i o n  o f
2
l i t h i u m  a l u m i n i u m  d e u t e r i d e  (98 a to m  % H, 1 . 6 g ,  38 mmol) i n  THF a t
0°C  w i t h  s t i r r i n g  u n d e r  N^. The m i x t u r e  was s t i r r e d  f o r  20 h  a n d
s a t u r a t e d  s o d iu m  s u l p h a t e  s o l u t i o n  (8 ml) was a d d e d .  The m i x t u r e
w as  f i l t e r e d ,  w a s h e d  w i t h  THF (3 x 5ml) a n d  t h e  c o m b in e d  f i l t r a t e
a n d  w a s h i n g s  w e r e  c o n c e n t r a t e d  i r i  v a c u o . The r e s i d u e  was d i s t i l l e d
t o  g i v e  ( 2 £ ) - [ 2 - 2h ] - b u t a n e - 1 , 4 - d i o l  ( 1 .5 2  g ,  52%) b . p .  83°C a t  0 . 5  ram
H g; v 3 3 0 0  ( b r )  cm 1 ; STT (d  - a c e t o n e )  1 .5  -  1 . 7  (3H, m) , 3 .5  -  
max H o
3 . 8  (4H , m) ; 6_ (d  - a c e t o n e )  3 0 . 1  (C-2 a n d  C-3) , 6 2 . 6  ( C - l  an d  C-4) ;
C 6
“ / z  9 1  (M+ ) , 7 1 ,  57 (F o u n d  C, 5 2 . 0 ;  H, 1 0 . 8 .  C4H9D02 re t l u i r e s
C , 5 2 . 7 ;  H , 1 0 . 9 ) .
( 2 £ ) - [  2 - 2h ] - B u t a n e d i o i c  a c i d . ( 2 £ } - [ 2 -  H ] - B u t a n e - 1 , 4 - d i o l
(100  g ,  1 .1  mmol) i n  w a t e r  (2 ml) was a d d e d  t o  a  s o l u t i o n  o f  sod ium  
d i c h r o m a t e  d i h y d r a t e  ( 0 . 8  g) i n  d i l u t e  s u l p h u r i c  a c i d  (1M, 5 ml) a t  O C 
T h e  s o l u t i o n  w as  s t i r r e d  a n d  h e a t e d  a t  50 C f o r  3 h ,  t h e n  c o n t i n u o u s l y  
e x t r a c t e d  w i t h  d i e t h y l  e t h e r  f o r  24 h .  The e x t r a c t s  w e re  d r i e d ,  
f i l t e r e d  t h r o u g h  c e l i t e  a n d  c o n c e n t r a t e d  i n  v a c u o . The r e s i d u e
o
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1
w as  r e c r y s t a l l i s e d  ( a c e t o n e )  t o  y i e l d  (2R) - [  2 - 2H] - b u t a n e d i o i c  a c i d  
(1 1 2  mg, 8 6 %). m . p .  1 8 6 -1 8 9 ° C .
2
( 2 R ) - [ 2 -  H ] - S u c c i n i c  a n h y d r i d e . A s o l u t i o n  o f  (2 R )- [ 2 - 2h ] -
b u t a n e d i o i c  a c i d  (1 0 0  mg, 0 . 8 4  mmol) i n  a c e t i c  a n h y d r i d e  (10  ml) w as
h e a t e d  a t  6 0  C f o r  3 h .  The s o l u t i o n  was c o o l e d  a n d  c o n c e n t r a t e d
i n  v a c u o  t o  g i v e  a  s o l i d  r e s i d u e  w h ic h  was r e c r y s t a l l i s e d  (CHC1 3) t o  
2
g i v e  ( 2 R ) - [ 2 -  H ] - s u c c i n i c  a n h y d r i d e  (66 mg, 67%) m .p .  1 1 9 -1 2 0 °C .
C o m p a r i s o n  o f  t h e  m a s s  s p e c t r u m  o f  t h i s  a n h y d r i d e  w i t h  t h a t  o f
2
u n l a b e l l e d  a n h y d r i d e  show ed  a  H c o n t e n t  o f  > 90%.
2
( 2 R ) - [ 2 -  H ] - P u t r e s c i n e  (60) d i h y d r o c h l o r i d e . A s o l u t i o n  o f  HN^
i n  b e n z e n e  (1 .3 6 M , 18 ml) 141 was a d d e d  t o  a  s o l u t i o n  o f  ( 2 R ) - [ 2 - 2h ] -
b u t a n e - 1 , 4 - d i o l  ( 0 . 9  g ,  10  mmol) i n  10 ml THF. Then a  s o l u t i o n
o f  d i - i s o p r o p y l  a z o d i c a r b o x y l a t e  ( 4 . 4 4  g ,  22 mmol) i n  THF (10  ml) was
a d d e d  w i t h  s t i r r i n g .  To t h i s  m i x t u r e  w as a d d e d  Ph-^P ( 1 1 .5 4  g ,
44  mmol) i n  THF (6 0  ml) a t  a  r a t e  s u f f i c i e n t  t o  k e e p  t h e  r e a c t i o n
t e m p e r a t u r e  a t  4 0 ° C .  The m i x t u r e  w as a l l o w e d  t o  s t i r  f o r  l h  a t
ro o m  t e m p e r a t u r e  a n d  t h e n  a t  50°C f o r  3h . W a te r  (2 ml) was a d d e d
a n d  t h e  s o l u t i o n  s t i r r e d  a t  50°C f o r  a  f u r t h e r  3 h .  The s o l u t i o n
w as  c o o l e d  a n d  c o n c e n t r a t e d  i l l  v a c u o , a n d  t h e  r e s i d u e  p a r t i t i o n e d
b e t w e e n  1M HC1 (8 0  ml) a n d  CH^Cl^ (80  ml) . The a q u e o u s  l a y e r
w as  e x t r a c t e d  w i t h  CH^Cl^ (2 x  80 ml) . The a q u e o u s  l a y e r  was
c o n c e n t r a t e d  i n  v a c u o  l e a v i n g  a  d a r k  r e d  s o l i d ,  w h ic h  was r e c r y s t a l l i s e d
2( a q u e o u s  e t h a n o l / a c e t o n e )  t o  g i v e  ( 2 R ) - [ 2 -  H ] - p u t r e s c i n e  (60) d i h y d r o  
c h l o r i d e  (5 0 0  mg, 31%) m .p .  300°C (dec )  ; vmax (KBr  d i s c )  3020 cm ,
170
6H (D20) 1 , 8  (3 H '  m) a n d  3 ,2  (4H/ m) ' $c  ( d 20) 2 4 - 8 (c ~2 a n d  C-3)
rn +
a n d  3 9 . 9  ( C - l  a n d  C -4 )  ; 88 ^  ) (Found  C , 2 9 . 1 ;  H, 8 . 8 0 ;
N, 1 7 . 0 6 .  C4H11DN2 r e q u i r e s  C, 2 9 . 6 ;  H, 8 . 6 9 ;  N, 1 7 . 4 ) .
r 2 ,
( 2 S ) - L 2 -  H j - P u t r e s e i n e  (61) D i h y d r o c h l o r i d e . T h i s  was p r e p a r e d
i n  a n  a n a l a g o u s  m a n n e r  f ro m  ( 2 R ) - a s p a r t i c  a c i d .  ( 2 R ) - 2 - C h l o r o b u t a n e -
d i o i c  a c i d  h a d  m . p .  181°C  ( l i t . 139 176°C) ; [ a ] D19 + 1 9 . 8 °  ( £  1 ,  H O)
139  -1
( l i t .  + 2 0 . 1 ) ;  v (KBr) 3000 a n d  1720 cm ; 6 (DJD) 3 . 0  (2H,
max H 2
ABX s y s t e m ,  J  17 H z ,  J  8 Hz) a n d  4 . 2  ( l H , t ,  J  8 Hz) ;
"*AB AX / B X ■■■*
6C (D O) 4 1 . 8  (C -3 )  , 5 4 . 9  ( C - 2 ) ,  1 7 4 .9  a n d  1 7 6 .0  ( C - l  an d  C - 4 ) ;
m/ z  152  (M+ ) (F o u n d  C , 3 1 . 2 7 ;  H, 3 . 1 7 ;  C l ,  2 3 . 3 2 .  C.H_C10.— — — 4 5 4
r e q u i r e s  C , 3 1 . 4 8 ;  H, 3 . 2 8 ;  C l ,  2 3 .2 8 % ) .  D im e th y l  ( 2 R ) - 2 -
o 19c h l o r o b u t a n e d i o a t e  h a d  b . p .  9 3 -9 6  C a t  10 mm Hg; [ a l D + 44 (c  1 ,
C H C 1 J  ( l i t . 142  + 4 1 . 9 6 ° ) ;  V (C C 1 J  1750  cm "1 ; 3 .0 0  (2H, ABX3 max 4 H
s y s t e m ,  J  17 H z ,  J  8 Hz) , 3 .6 2  (3H, s)  , 3 .7 1  (3H, s)  a n d
AB AX/BX
4 . 6 0  (1H , t ,  J  8 H z ) ;  6c  3 8 .9  ( C - 3 ) ,  5 1 . 1  (C-2) , 5 1 .7  a n d  5 2 . 8
(CH3 x  2 ) ,  1 6 8 . 7  a n d  1 6 9 . 4  ( C - l  an d  C-4) ; “ / z  180 (M+) (Found :
M+ , 1 8 0 . 0 2 0 0 ;  C , 3 9 . 9 8 ;  H, 4 . 7 1 ;  C l ,  1 9 . 2 8 .  C6HgC l0 4 r e q u i r e s
M, 1 8 0 . 0 1 9 8 ;  C , 3 9 . 8 9 ;  H, 4 . 9 9 ;  C l ,  1 9 .6 7 % ) .  ( 2 R ) - 2 - C h l o r o -
b u t a n e - 1 , 4 - d i o l  h a d  b . p .  7 9 -8 3 °C  a t  0 . 1  mm Hg; + 42 ( £  1/
MeOH) ( l i t . 28 + 4 1 ° )  ; v ( f i l m )  3350 (b r )  cm 1 ; 6 1 .6  -  2 . 3  (2H,max H
m) , 3 . 6  -  3 . 9  (4H , m) , 4 . 0  -  4 . 3  (2H, b r  m, OH), 4 .3 5  -  4 .5 5  (1H, m) ;
m , n a /
5C 3 7 . 0  ( C - 3 ) .  5 8 . 5  ( C - 4 ) ,  6 0 .6  (C-2) an d  6 6 . 4  ( C - l ) ;  J z  124 (M ) 
(F o u n d  M+ , 1 2 4 . 0 3 2 1 ;  C, 3 8 . 5 8 ;  H, 7 . 3 5 ;  C l ,  2 8 . 1 .  C4Hg0 2C l
r 2 ir e q u i r e s  M, 1 2 4 . 0 3 1 8 ;  C , 3 8 , 5 5 ;  H, 7 . 2 3 ;  C l ,  2 8 .5 % ) .  (2 S 0 -L 2 -  HJ
- 1
B u t a n e - 1 , 4 - d i o l  h a d  b . p .  8 0 -8 4  C a t  0 . 5  mm Hg; ( f i lm )  3300 cm ;
6 1 . 5  -  1 . 7  (3H, m) , 3 .5  -  3 .7  (4H, m) , 4 . 6  (2H, b r  s ,  OH);
H
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6c  ( d g - a c e  t o n e )  2 9 . 4  (C -2  a n d  C-3) a n d  6 2 . 3  ( C - l  a n d  C-4) ; 
m ■+■
/ z  9 1  (M ) (F o u n d  C, 5 2 . 2 ;  H, 1 0 , 7 .  C^HgDO^ r e q u i r e s  C, 5 2 . 7 ;
H, 1 0 .9 % ) .
2
(2S) - [  2 -  H l - B u t a n e d i o i c  a c i d  h a d  m .p .  186 - '189°C . ( 2 S ) - [ 2 - 2h ]~
S u c c i n i c  a n h y d r i d e  h a d  m .p .  1 1 9 -1 2 0 ° C .  C o m p a r iso n  o f  t h e  m ass
s p e c t r u m  o f  t h i s  a n h y d r i d e  w i t h  t h a t  o f  u n l a b e l l e d  m a t e r i a l  i n d i c a t e d
2 2 
a  H c o n t e n t  o f  >90%. ( 2 S ) - [ 2 -  H] - P u t r e s c i n e  (61) d i h y d r o c h l o r i d e
h a d  m . p .  > 3 0 0 °  (d e c )  ; v (KBr d i s c )  3 0 5 0 ,  1450 cm"1 ; 6 (D_0)ID9.X H 2
I . 9  (3H , m) a n d  3 . 2  (4H, m) ; 6 (D O) 2 4 .6  (C-2 a n d  C-3) a n d  3 9 .7
A
( C - l  a n d  C - 4 ) ;  ™/z 89 (M+ , 8%) (F o u n d  C, 2 9 . 1 ;  H, 8 . 8 0 ;  N, 1 7 .0 6
C4H1 1DN2 re (3u ^ r e s  c '  2 9 . 6 ;  H, 8 . 6 9 ;  N, 1 7 .4 % ) .
(a )  3 H - L a b e l l e d  r e t r o n e c i n e  was p r e p a r e d  b y  f e e d i n g  [ 1 , 4 -  H ] -  
p u t r e s c i n e  d i h y d r o c h l o r i d e  t o  S e n e c i o  i s a t i d e u s , f o l l o w e d  b y  
e x t r a c t i o n  o f  t h e  r e t r o r s i n e  (17) a n d  b a s i c  h y d r o l y s i s .  The m a t e r i a l
h a d  a  s p e c i f i c  a c t i v i t y  o f  37 y C i /m m o l .  T h i s  w ork  was done  b y  H .A .
K e l l y .
[ l , 9 - 14C ]-H o m o s p e rm id in e  (42) w as p r e p a r e d  by  D r .  S .K .  N e r , 100  
w i t h  a  s p e c i f i c  a c t i v i t y  o f  0 .1 2  i iC i /m m o l.
F e e d i n g  m e th o d s  :
1 .  E. f lam m ea  p l a n t s  w e re  p r o p a g a t e d  f ro m  s e e d  ( S u t t o n s  S e e d s
s e l l  th e m  a s  C a c a l i a  C o c c in e a )  i n  p o t s  i n  a  g r e e n h o u s e  o r  i n  an  o p e n
p l o t .  V a r i o u s  n u m b ers  o f  p l a n t s  w e r e  u s e d  f o r  e a c h  e x p e r i m e n t ,
t y p i c a l l y  b e t w e e n  8 a n d  1 5 .  A s a m p le  o f  [ 1 , 4 -  C] - p u t r e s c i n e  (27)
2 3
d i h y d r o c h l o r i d e  (5 yC i)  was a d d e d  t o  e a c h  f e e d  o f  H- o r  H - l a b e l l e d  
p r e c u r s o r .  E a c h  f e e d i n g  s a m p le  w as d i v i d e d  i n t o  e q u a l  am ounts
E a c h  f e e d i n g  e x p e r i m e n t  c o n s i s t e d  o f  a  f e e d  o f  30 mg o f  m a t e r i a l  
c o n t a i n i n g  t h e  r a d i o l a b e l .  T h i s  w as  d i v i d e d  am ong t h i r t y  lOO m l f l a s k s
c o n t a i n i n g  t h e  r o o t  c u l t u r e  a n d  5 0  m l o f  G am borg  B5 m e d iu m .
T he r e s u l t s  o f  t h e  r o o t  c u l t u r e  e x p e r i m e n t s  a r e  g i v e n  i n  T a b l e  4 ,
Compound A c t i v i t y
f e d
(u C i)
1 .  [ 1 , 4 - ^ 4c ] p u t r e s c i n e  5
3
2 .  [ l , 4 -  H ] p u t r e s c i n e  12
+ [ 1 , 4 - ' I'4C ] p u t r e s c i n e  1
3 .  [ 1 , 9 - 14c ] h o m o s p e r m i d i n e  4^ 8
3
+ [ l , 4 -  H ] p u t r e s c i n e  5
3
4 .  [ 5 -  H ] r e t r o n e c i n e  49
+[ l , 4 - 14c ] p u t r e s c i n e  5
:k 2
5 .  ( I R ) - [ 1 -  H ] p u t r e s c i n e  5
o
6 . * ( 2 R ) - [ 2 -  H ] p u t r e s c i n e  5
2
7 . * ( 2 S ) - [ 2 -  H j p u t r e s c i n e  5
w t .  a l k a l o i d  A c t i v i t y  s p e c i f i c
r e c o v e r e d  r e c o v e r e d  a c t i v i t y
(mg) (d p m -14C) (%)
25 3 8 5 0 0  4
21  3 2 1 0 0  1
20  3 0 6 0 0  3 .6
2 3  3 5 3 0 0  2 .7
2 0  3 1 0 0 0  3 .8
15  2 3 6 0 0  3 .4
18  2 8 0 0 0  3 ,5
* E a c h  f e e d  o f  d e u t e r i a t e d  m a t e r i a l  a l s o  c o n t a i n e d  5 y C i  o f  
[ l , 4 - ^ 4c ] p u t r e s c i n e .
a n d  f e d ,  v i a  a  w ic k  t h r o u g h  t h e  p l a n t  s t e m ,  on a l t e r n a t e  d a y s  o v e r  
6 - 8  d a y s .  A f t e r  a  f u r t h e r  10 d ay s  t h e  p l a n t s  w e re  h a r v e s t e d  an d
e x t r a c t e d .  The l a b e l l e d  e m i l i n e  was s u b j e c t e d  t o  a u t o r a d i o g r a p h y
i n  e a c h  c a s e ,  t o  show one  b a n d  on t h e  t . l . c .  p l a t e  c o i n c i d e n t  w i t h  
u n l a b e l l e d  e m i l i n e  a t  R^ 0 . 3 4 .  I n c o r p o r a t i o n  f i g u r e s  a r e  g i v e n  i n  
C h a p t e r  5 .
2 .  E. f lam m ea  h a i r y  r o o t  c u l t u r e s  w e re  p r o p a g a t e d  f ro m  c u l t u r e s
p r o v i d e d  b y  D r .  N. W a l to n  a t  t h e  AFRC Food R e s e a r c h  I n s t i t u t e ,  N o rw ich
a n d  w e r e  g row n  i n  s t d  medium w i t h  a  200 r . p . m .  s h a k e  r a t e .
A t  o n e  week o l d ,  a  b a t c h  o f  t y p i c a l l y  t h i r t y  f l a s k s  e a c h  c o n t a i n i n g
5 0  m l medium w as i n o c u l a t e d  w i t h  t h e  p r e c u r s o r  i n  s t e r i l e  a q u e o u s
s o l u t i o n  g i v i n g  a  c o n c e n t r a t i o n  o f  1 mg p e r  50 m l .  A s a m p le
o f  [ l , 4 - ^ 4C ] p u t r e s c i n e  (5 yCi) was a d d e d  t o  e a c h  n o n - r a d i o l a b e l l e d
p r e c u r s o r .  A f t e r  a  f u r t h e r  two w eeks  g r o w t h ,  t h e  c u l t u r e s  w e re
d r a i n e d  a n d  t h e  r o o t s  w e re  b l e n d e d  i n  m e th a n o l  i n  t h e  u s u a l  m a n n e r .
E x t r a c t i o n  o f  t h e  a l k a l o i d  com ponen ts  g a v e  an  e m i l i n e  s a m p le  w h ic h
sh o w e d  o n e  b a n d  on  a  t . l . c .  p l a t e ,  b y  a u t o r a d i o g r a p h y ,  c o i n c i d e n t
w i t h  a u t h e n t i c  e m i l i n e  a t  R_ 0 . 3 4 .  The v a r i o u s  i n c o r p o r a t i o nr
f i g u r e s  a r e  g i v e n  i n  C h a p t e r  5 .
S t u d i e s  o n  t h e  r o o t  c u l t u r e s  o f  i n c u b a t i o n  t i m e  vs_ s p e c i f i c  
i n c o r p o r a t i o n  w e r e  c a r r i e d  o u t  b y  t a k i n g  o f f  a  p a r t  o f  e a c h  b a t c h  
a t  p r e d e t e r m i n e d  i n t e r v a l s . The s u b s e q u e n t  e x t r a c t i o n s  w e re
d o n e  a s  b e f o r e  t o  g i v e  l a b e l l e d  e m i l i n e .
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(b) F e e d i n g s  t o  t h e  p l a n t  C ynoglossum  a u s t r a l e  w e re  c a r r i e d  o u t  i n  
t h r e e  w a y s .
1 .  C o m p le te  s t e m  a n d  l e a f  c u t t i n g s  w e re  t a k e n  a n d  f e d  b y  s t a n d i n g  
t h e  c u t  e n d s  i n  a  s o l u t i o n  c o n t a i n i n g  5 yC i o f  [ l , 4 — C ] - p u t r e s c i n e  
d i h y d r o c h l o r i d e .  S u b s e q u e n t  e x t r a c t i o n  (by t h e  g e n e r a l  m ethod) g a v e  
a  s a m p le  c o n t a i n i n g  a  m i x t u r e  o f  a l k a l o i d s  w i t h  t o t a l  i n c o r p o r a t i o n s
o f  < 0 . 1%.
2 .  The g r e e n  l e a v e s  w ere  c u t  i n t o  s t r i p s  (1 0  mm a c r o s s )  an d
f l o a t e d  on  t h e  t o p  o f  a  s o l u t i o n  o f  p u t r e s c i n e  (5 0  mg, 0 . 3  mmol)
c o n t a i n i n g  [ 1 , 4 - ^ 4c ] - p u t r e s c i n e  (5 yC i)  i n  s t e r i l e  w a t e r  (100  m l ) .
S a m p le s  o f  l e a v e s  w e re  rem oved  a t  v a r i o u s  t i m e  i n t e r v a l s  a n d  t h e  %
14i n c o r p o r a t i o n  o f  C i n t o  e a c h  m e a s u r e d ,  a f t e r  t h e  u s u a l  e x t r a c t i o n  
p r o c e d u r e .
r 14 i3 .  H a i r y  r o o t s  c u l t u r e s  w ere  i n o c u l a t e d  w i t h  L l / 4 -  C J - p u t r e s c i n e
u n d e r  t h e  sam e c o n d i t i o n s  a s  f o r  E. flammea  h a i r y  r o o t  c u l t u r e s .
E x t r a c t i o n  y i e l d e d  a  s m a l l  am ount o f  a l k a l o i d s  (< 5 mg) w i t h  no
i n c o r p o r a t i o n  o f  14C, b y  r a d i o s c a n .  T h e r e f o r e ,  t h e  s i l i c a  f ro m  t h e
r a d i o s c a n  p l a t e  w as c u t  i n t o  b a n d s ,  e x t r a c t e d  a n d  e a c h  b a n d  c o u n t e d .
14No C t r a c e r  w as d e t e c t e d .
(c )  T he e x t r a c t i o n  o f  A den ocazpu s  d e c o i" t ic a n s  ( B o i s s )  was c a r r i e d  o u t  
u s i n g  t h e  same p r o c e d u r e  a s  f o r  E . flammea  p l a n t s  ( e x c l u d i n g  f i n a l  
p u r i f i c a t i o n ) . F r e s h l y  c o l l e c t e d  p l a n t s  w e re  s t r i p p e d  o f  l e a v e s
( d r y  w t .  2 . 1  Kg) w h ic h  gav e  a  brow n o i l  a f t e r  t h e  e x t r a c t i o n  p r o c e s s .  
K u g e l r o h r  d i s t i l l a t i o n  (> 200°C a t  0 . 1  mm Hg) g a v e  a  c l e a r  o i l  w h ich  
w as i d e n t i f i e d  a s  ( - )  - s p a r t e i n e  (199) ( 8 . 3  g ,  0.4% f ro m  l e a v e s ) ;
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R 0 . 1 1  ; [ a ]  21 - 1 7 ° ( c  3 ,  CHC1J ( l i t . 143 - 1 7 . 3 )  ; v 2 9 2 0 ,
r  u ~  3 max
1445  a n d  1110 cm 1 ; (C^ ) 144  0 . 7  (1H, b r  d ,  8-H) , 1 . 0  (3H, b r  mf
4 -  5 -  a n d  1 3 - H ) , 1 .2 5  (7H, b r  m, 3 -  5 -  9 -H , 1 -  a n d  1-H ) ,  1 . 3 7  (5H, b r  
m, 3 -  4 -  6 -  1 3 -  a n d  1 4 - H ) , 1 .5 9  (1H, b r  s ,  7-H) , 1 .7 3  (4H f b r  m, 2 -  1 0 -  
a n d  15-H) , 2 .0 3  (1H, b r  d ,  8-H) , 2 ,2 2  (1H, b r  d ,  17-H) a n d  2 . 4 0  (3H, b r  
m, 2 -  1 0 -  a n d  1 5 -H ) ;  &c  2 4 .1  (C-13) , 2 4 .3  ( C - 4 ) ,  2 5 . 3  ( C - 1 4 ) , 2 5 . 4
( C - 3 ) ,  2 7 . 0  (C -8) , 2 8 .7  ( C - 5 ) , 3 2 .5  ( C - 9 ) , 3 4 .1  ( C - 1 2 ) , 3 5 .6  ( C - 7 ) ,
5 2 . 9  ( C - 1 7 ) , 5 4 . 8  (C-15) , 5 5 .6  ( C - 2 ) ,  6 1 . 4  ( C - 1 0 ) , 6 3 . 7  ( C - l l )  a n d
6 5 . 8  (C -6 ) ; ® /z  234 (M+ , 14%) (Found  M+ , 2 3 4 .2 0 9 2 .  C15H26N2
r e q u i r e s  M, 2 3 4 . 2 0 9 6 ) .
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9 . 2  E x p e r i m e n t a l  t o  C h a p t e r  6 .
A . S y n t h e s i s  o f  a  N e c in e  B ase  A n a lo g u e .
N -F o r m y l - I j - p r o l i n e  ( 1 1 7 ) : -  F o rm ic  a c i d  (92 g ,  2 mol) w as
s t i r r e d  w i t h  a c e t i c  a n h y d r i d e  (102 g ,  1 mol) f o r  2h a t  45°C . A
s o l u t i o n  o f  L - p r o l i n e  ( 1 1 .5  g ,  0 . 1  mol) i n  f o r m i c  a c i d  (50 ml) w as
a d d e d  a n d  t h e  m i x t u r e  was s t i r r e d  f o r  16 h .  I c e  w a t e r  (200  ml) was
a d d e d  a n d  t h e  s o l u t i o n  w as c o n c e n t r a t e d  i n  v a c u o  t o  g i v e  an  o i l  w h ic h
c r y s t a l l i s e d  f ro m  e t h y l  a c e t a t e  t o  g i v e  N - f o r m y l - L - p r o l i n e  ( 6 .6 2  g ,
6 8 %) m .p .  84°C [ a l  (c  1 ,  MeOH); v 3010 , 1 7 2 5 ,  1665 ( b r )  , 1380  a n dD — max
1 2 2 0  cm "1 ; 6„  (CDC1J 2 .0 5  (2H, m, 3 -H .J  , 2 . 2 5  (2H, m, 2 -H 0 ) , 3 .6 6
ri j Z Z
(2H, m, 4 -H 2 ) , 4 . 5 5  (1H, m, 1-H) an d  8 .3 2  (1H, b r  s ,  CHO).
(F o u n d  C, 5 0 .3 1 ;  H, 6 . 3 2 ;  N, 9 . 6 4 .  Cc H NO, r e q u i r e s  C, 5 0 . 3 5 ;  H, 6 . 2 9b y  j
N, 9 . 7 9 ) .
C y c l o a d d i t i o n  o f  N - f o r m y l - L - p r o l i n e  t o  d i e t h y l  f u m a r a t e . D i e t h y l
f u m a r a t e  ( 1 . 7 2 g ,  5 mmol) was ad d e d  t o  a  s o l u t i o n  o f  N - f o r m y l - L - p r o l i n e  
( 0 . 7 1  g ,  5 mmol) i n  a c e t i c  a n h y d r i d e  (15 ml) a n d  h e a t e d  a t  130°C  w i t h  
s t i r r i n g ,  u n d e r  N2 f o r  4 h .  Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d
p r e s s u r e  g a v e  a  b row n  o i l  w h ich  t . l . c .  show ed t o  b e  made up o f  t h r e e  
c o m p o n e n t s .  S e p a r a t i o n  o f  t h e  t h r e e  by  p r e p a r a t i v e  t . l . c . ,  e l u t i o n
w i t h  E t 20 / 6 0 - 8 0 °  p e t .  e t h e r  (3 :1  v /v )  g av e  t h e  f o l l o w i n g  m a t e r i a l s : -  
D i e t h y l  5 . 6 , 7 ,  8- t e t r a h y d r o - l H - p y r r o l i z i n e - l , 2 - d i c a r b o x y l a t e  (211) was
o b t a i n e d  a s  an  o i l  (228  mg, 18%); Rf  0 . 4 5 ;  v max 1 7 3 0 ,  1 6 9 5 ,  1600  a n d
1 2 0 0  cm "1 ; 6 ( C C 1 J  1 . 2 5  (6H, m, OCH CH ) , 2 . 0 - 2 . 5  (6H, m, 1 -  a n d  8 -H ,
H 4
6 -  a n d  7 - H J ,  3 .0 0  (2H,m, 5-H ? ) , 4 .2 0  (4H, m, OCH ) a n d  6 . 7 5  (1H, s ,  3-H)
2 ^
m/ z  253 (M+ , 12%), 180 (100%), 1 52 ,  1 34 ,  1 0 8 ,  107 a n d  106 (Found  M , 
2 5 3 . 1 3 1 2 .  Cl 3Hi g N04 r e q u i r e s  M, 2 5 3 .1 3 1 4 ) .
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D i e t h y l  2 , 5 , 6 , 7 - t e t r a h y d r o - 3 H - p y r r o l i z i n e - l , 2 - d i c a r b o x y l a t e  (212)
w as  o b t a i n e d  a s  an  o i l  (318 mg, 25%); R 0 . 3 7 ;  v 1 7 3 0 ,  1 6 8 5 ,
F max
1 6 2 0  a n d  1180 cm 1 ; (CC14 ) 1 . 2 0  (6H, m, OCH2CH3) , 2 .2 5  (2H,
m, 6 -H 2) , 2 .6 5  (2H, m, 7-H2 ) , 3 . 0  (2H, m, 5-H ) , 3 . 4  (2H, d ,  J  9Hz
3-H ) , 3 .8 5  ( lH ,  m, 2-H) a n d  4 .0 5  (4H, m, OCH - C H J  ; m/ z  253 (M+ ,& z 3 — — —
1 2 % ), 1 8 9 ,  1 8 8 ,  180 (100% ), 1 5 2 ,  1 0 8 ,  107 a n d  106 (F ound  M+ , 
2 5 3 . 1 2 6 5 .  C13H19N04 rec3u i r e s  2 5 3 .1 3 1 4 )  .
D i e t h y  1- 5 , 6 , 7 , 8- t e t r a h y d r o -  3 H - p y r r o l i  z i n e  - 1 , 2 - d i c a r b o x y l a t e  (213)
w as  o b t a i n e d  a s  an  o i l  (144 mg, 12%) ; R„ 0 . 2 7 ;  v 1 7 0 0 ,  1600F max
a n d  1120  cm” 1 ; 6^  (CC1.) 1 .2 5  (6H, m, OCH.CHJ , 2 . 1 0  -  3 . 5 0  (9H, m)H 4 Z i
a n d  4 . 1 0  (4H, m, OQ^CH^) ; ^ / z  253 (M+ , 18% ), 1 5 2 ,  1 0 8 ,  107 a n d
106 (F ound  M+ , 2 5 3 .1 3 0 1 .  C1 3H19N04 r e q u i r e s  M, 2 5 3 . 1 3 1 4 ) .
A i r  o x i d a t i o n  o f  an y  o f  t h e  a b o v e  t h r e e  d i e s t e r s  g a v e  r i s e  
t o  a  p y r r o l e  ( t . l . c .  R^ 0 . 2 1  { E t 20 /6 0 - 8 0 ° C  p e t .  e t h e r  3 :1 } )  w h ic h  
w as  p u r i f i e d  b y  f l a s h  s i l i c a  colum n c h r o m a to g r a p h y  u s i n g  E t 20 / 6 0 -  
8 0°C  p e t .  e t h e r  a s  e l u a n t .  An o i l  (40  mg, 6 % o v e r a l l  f ro m
p r o l i n e )  was o b t a i n e d  a n d  was i d e n t i f i e d  a s  d i e t h y l  2 , 3 - d i h y d r o -  
I H - p y r r o l i z i n o ,  - 6 , 7 - d i c a r b o x y l a t e  (214) ; ^max 1 7 3 0 ,  1690  a n d
1185  cm "1 ; &„ (CC1.) 1 . 3 0  (6H, m, OCH CH ) ,  2 . 2  -  2 . 6  (2H, m,
H 4
2 - H ) , 3 . 0 0  (2H, t ,  J  7 Hz, 1 - H ) , 3 .9 5  (2H, t ,  J  8 H z ,  3 - H ) , 4 . 0 0  
- 4 . 2 0  (4H, m, OCH2CH3) a n d  6 - 9 5 ( 1 h ,  s , 5-H) ; __/£ 251 (M , 35% ),
2 0 6 ,  2 0 5 ,  178 (100%) a n d  134 (Found M+ 2 5 1 .1 1 6 0 .  C13H1?N04
r e q u i r e s  2 5 1 .1 1 5 8 )  .
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B . S y n t h e s i s  o f  a  D i o l  D e r iv e d  f ro m  F .o sm a r in in e  (44) .
2 - 0 - t e r t - ( B u t y l d i m e t h y l s i l y l ) r o s m a r i n i n e  (215) -  R o s m a r i n i n e
(1 4 0  mg, 0 . 4  mmol) was d i s s o l v e d  i n  d r y  DMF ( 0 .7 5  ml) u n d e r  an
^2 a ^mosP*l e r e * t - B u t y l d i m e t h y l c h l o r o s i l a n e  (9 0  mg, 0 .6  mmol)
a n d  i m i d a z o l e  (41 mg, 0 . 6  mmol) w e re  a d d e d  a n d  t h e  m i x t u r e  was
s t i r r e d  a t  room t e m p e r a t u r e  f o r  48 h .  The m i x t u r e  w as t a k e n
up  i n  CHCl^ (10  ml) a n d  w ash ed  w i t h  s a t u r a t e d  b r i n e  s o l u t i o n
(4 x 10 ml) . The com bined  a q u e o u s  l a y e r s  w e re  e x t r a c t e d  w i t h
CHCl^ (1 x  40 ml) a n d  t h e  com bined  o r g a n i c  l a y e r s  w e re  f i l t e r e d
a n d  c o n c e n t r a t e d  i r i  v a c u o . The o i l  w h ic h  r e s u l t e d  c r y s t a l l i s e d
f ro m  p e t .  e t h e r  (60 -8 0 °C )  t o  g i v e  2-0-TBDMS r o s m a r i n i n e  (215)
(1 7 0  mg, 91%) m .p .  95 °C ;  Rp 0 . 8 ;  [ a ] ^ 0  - 6 5 °  (c  2 ,  C H C l^  ;
v 1 7 2 5 ,  1 2 5 0 ,  1120  an d  845 c m '1 ; (CDC1 ) 0 . 0 2  a n d  0 . 0 7  max H 3
(6H, 2 x  s ,  2 x  C H ^-S i)  , 0 .8 5  (9H, s ,  3 x  C H ^C ) a n d  t h e  r e m a i n i n g  
s i g n a l s  w e r e  t h e  same a s  f o r  r o s m a r i n i n e ;  <5C ( d 4-MeOH) -  0 . 4 6  a n d  
- 0 . 4 2  (2 x  S i - C H 3 ) , 1 3 .5  ( C - 1 9 ) , 1 6 . 0  ( C - 2 1 ) , 1 9 . 0  ( S i - C ) , 2 6 .6  
(C -1 8  a n d  3 x  C I^ -C )  , 3 5 .0  (C-6 ) , 3 8 .8  ( 0 1 3 ) ,  4 0 .6  ( 0 1 4 ) ,  5 0 . 8  
( O l )  , 5 3 . 5  ( 0 5 ) ,  6 3 . 7  ( 0 3 ) ,  6 4 .2  ( 0 9 ) ,  6 8 . 3  ( 0 8 ) ,  7 5 . 0  ( 0 7 ) ,
7 6 . 3  ( 0 2 ) ,  7 7 . 4  ( 0 1 2 )  , 1 3 3 .2  ( 0 1 5 )  , 1 3 6 .9  ( 0 2 0 )  , 1 6 8 .9  ( 0 1 6 )  , 
a n d  1 7 8 .4  ( O i l )  ; JV z 467 (M+ , 20%), 4 1 0 ,  3 4 1 ,  2 7 0 ,  2 6 8 ,  2 5 3 ,
252 (100% ), 82 a n d  75 (Found : M+ , 4 6 7 .2 6 9 3 ;  C, 6 1 . 5 7 ;  H, 8 . 9 5 :
N, 3 . 0 4 :  <^ '24^41N<^ 6^1 recl u^ r e s  i i '  4 6 7 .2 7 0 3 ;  C, 6 1 . 6 7 ;  H, 8 . 7 8 ;
N, 3 . 0 0 ) .
2 - o - t e r t - ( B u t y l d i m e t h y l s i l y l ) r o s m a r i n e c i n e  ( 2 1 6 ) ,  -  The TBDMS
e t h e r  o f  r o s m a r i n i n e  (215) (170  mg, 0 . 4  mmol) w as d i s s o l v e d  i n
d r y  CH C l  (1 0  ml) a n d  c o o l e d  t o  0 °C . A s o l u t i o n  o f  DIBAL i n
t o l u e n e  ( 2 . 5  m l ,  l.OM) was a d d e d  w i t h  s t i r r i n g  u n d e r  N,, w h i l e
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m a i n t a i n i n g  t h e  t e m p e r a t u r e  a t  0 °C .  A f t e r  s t i r r i n g  f o r  ^h
o
a t  0  C a n d  l h  a t  room t e m p e r a t u r e ,  e t h y l  a c e t a t e  (1 ml) w as a d d e d  
a n d  t h e  m i x t u r e  w as p o u r e d  o n t o  a  s u s p e n s i o n  o f  c e l i t e  (5 g) i n  
a c e t o n e  (30  m l ) . M e th a n o l  (2 ml) was a d d e d  w i t h  v i g o r o u s
s h a k i n g  u n t i l  t h e  m i x t u r e  fo rm e d  a  g e l  an d  t h i s  w as  t h e n  a l l o w e d  
t o  s t a n d  f o r  ^ h .  W a te r  (5 ml) w as a d d e d  a n d  t h e  m i x t u r e  w as
f i l t e r e d ,  w a s h e d  w i t h  w a t e r  (4 x 10 ml) a n d  MeOH (1 0  x 10 ml) a n d  
c o n c e n t r a t e d  i n  v a c u o . The r e s u l t i n g  y e l l o w  r e s i d u e  was 
a ^ e o t r o p e d  w i t h  b e n z e n e  ( 4 x 1  ml) a n d  p u r i f i e d  b y  co lu m n  
c h r o m a t o g r a p h y  on b a s i c  a lu m in a  e l u t i n g  w i t h  10% C ^ C l  /C H C l^ .
T h i s  g a v e  2-0_- ( t e r t - B u t y l d i m e t h y l s i l y l )  r o s m a r i n e c i n e  (216) (70  mg,
61%) a s  a  c l e a r  o i l ;  Rp 0 . 3  [ a ] ^ 0 -  2 3 . 9 °  ( £  1 ,  C I ^ C ^ )  ; vmax
3320  ( b r )  , 1 2 5 0 ,  1120 a n d  840 cm "1 ; 6 ( d ,  a c e t o n e )  0 . 1 3  a n d  0 . 1 5ri b
(6H , 2 x s ,  2 x  S i-CH  ) ,  0 . 9 5  (9H, s ,  0 ( 0 ! ^ ) ,  1 . 9 0  (2H, m, 6 -H 2 ) ,
2 .2 5  (1H, m, 1 - H ) ,  2 .8 0  -  3 .2 5  (4H, m, 3 -  amd 5 -H 2) , 3 . 4 0  (1H, m,
8 - H ) ,  3 .7 5  (1H, d d ,  J  12 Hz a n d  6 H z, 9 - H ) , 4 .1 5  -  4 .3 5  (4H, b r ,  s ,
7 -H ,  9-H a n d  2 x  OH) a n d  4 . 5 0  (1H, b r  d d ,  J  9 Hz a n d  9 H z ,  2-H) ;
6 (CD C l  ) -  4 . 5  a n d  - 4 . 7  (2 x  SiCH ) ,  1 8 .4  ( S i - C ) , 2 5 . 9  ( - (C H  ) ) ,
C 2 2 J
3 6 .9  (C-6 ) , 5 0 . 3  ( C - l ) ,  5 4 .9  ) C - 5 ) ,  5 7 . 8  ( C - 3 ) ,  5 9 . 0  (C -9) , 6 9 . 8  
( C -8) a n d  7 1 . 8  a n d  7 2 .0  (C-2 a n d  C-7) ; ™/z 287 (M , 12% ), 2 4 3 ,  230
212 (100% ), 9 9 ,  86 a n d  82 (F ound  M+ , 2 8 7 .1 8 9 4 .  c 14H29N° 3S i  r e <2u i r e s
M, 2 8 7 . 1 9 1 6 ) .
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9 . 3  E x p e r i m e n t a l  t o  C h a p te r  7 .
Zn/Ag c o u p l e  -  P u r i f i e d  Zn dust"*"^ w as  u s e d  t o  p r e p a r e  t h e  
Zn/A g c o u p l e  a c c o r d i n g  t o  t h e  m e th o d  o f  C o n ia  e t  a l . , 125 g i v i n g  a  
b l a c k  s u s p e n s i o n  o f  t h e  m e t a l  i n  d i e t h y l  e t h e r .  E a c h  c o u p l e  
t h u s  made w as u s e d  i m m e d i a t e l y .
Z n /C u  c o u p l e  -  P o w d ered  Zn was u s e d  i n  t h e  m e th o d  o f  S m i th  
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a n d  S im m ons, g i v i n g  a  r e d / b l a c k  pow der  w h ic h  w as  s t o r e d  o v e r  
P 2^5 u n d e r  vacuum . The r e q u i r e d  am ount w as  u s e d  f ro m  a  b u l k  
s t o c k  p r e p a r e d .
A t t e m p t e d  s y n t h e s i s  o f  d i e t h y l  [2 ,3 - m e t h y l e n e ] - f u m a r a t e .
1 .  D i e t h y l  f u m a r a t e  ( 1 .7 2  g ,  10 mmol) w as  u s e d  i n  t h e
125c y c l o p r o p a n a t i o n  m e th o d  o f  C o n ia  e t  a l .  Upon w o rk  u p ,
s t a r t i n g  m a t e r i a l  o n l y  was r e c o v e r e d  ( 0 .1 4  g ,  8 %) .
2 .  D i e t h y l  f u m a r a t e  ( 1 .7 2  g ,  10 mmol) w as u s e d  i n  t h e  m e th o d
126o f  S m i th  a n d  S im m ons, g i v i n g  c o m p le te  r e c o v e r y  o f  s t a r t i n g  
m a t e r i a l .
1 , 4 - 0 , 0 - B i s ( t e t r a h y d r o p y r a n y l ) - (Z )  - b u t - 2 - e n e - l , 4 - d i o l  ( 2 3 4 ) .
( Z ) - B u t - 2 - e n e - l , 4 - d i o l  (227) (1 g ,  1 1 .4  mmol) was d i s s o l v e d  i n  a
s t i r r e d  s o l u t i o n  o f  3 ,4 - d i h y d r o - 2 H - p y r a n  ( 2 . 1 1  g ,  2 5 . 1  mmol) i n  
d r y  THF (4 0  ml) . A c r y s t a l  o f  p - t o l u e n e  s u l p h o n i c  a c i d  w as a d d e d
a n d  t h e  s o l u t i o n  w as s t i r r e d  f o r  18 h a t  room t e m p e r a t u r e .
S a t u r a t e d  so d iu m  b i c a r b o n a t e  s o l u t i o n  (25 ml) w as  a d d e d  a n d  t h e  
s o l u t i o n  was c o n c e n t r a t e d  i n  v a c u o . The r e s i d u e  w as p a r t i t i o n e d  
b e t w e e n  w a t e r  (25 ml) an d  d i e t h y l  e t h e r  (25 ml) . The a q u e o u s
l a y e r  w as e x t r a c t e d  w i t h  d i e t h y l  e t h e r  (5 x  25 ml) a n d  t h e  
c o m b in e d  o r g a n i c  l a y e r s  d r i e d ,  f i l t e r e d  a n d  c o n c e n t r a t e d  u n d e r  
r e d u c e d  p r e s s u r e  t o  g i v e  t h e  t i t l e  compound a s  a  s i n g l e  p r o d u c t  
( 2 . 4 3  g ,  85% ); R^ 0 . 7 ;  3450 (b r )  , 3 0 2 0 ,  2950  a n d  1025 c m '1 ;
6h  (CDC13) 1 . 4 0  -  1 .9 5  (12H, b r  m, r i n g - a y  , 3 .5 5  (2H, m, a c e t a l  
-CH) , 3 . 8 0  -  4 .0 0  (4H, m, r ing -O C K ^) , 4 . 2 0  (4H, m, 1 -  a n d  4 -H 2 ) 
a n d  5 . 7 4  (2H, t ,  J  5Hz, 2 -  a n d  3 -H ) ;  (Found  C, 6 5 . 7 ;  H, 9 . 8 2 .  
C14H2 4 °4  re(2uj-r e s  C, 6 5 . 6 2 ;  H, 9 . 3 8 ) .
1 ' 4~ ° /Q ~ B i s ( t e t r a h y d r o p y r a n y l ) - ( E ) - b u t - 2 - e n e - l , 4 - d i o l  (235) .
U s in g  t h e  same m eth o d  a s  f o r  t h e  {Z) i s o m e r ,  (E) - b u t - 2 - e n e - l , 4 -
d i o l  (228) (1 g ,  1 1 .4  mmol) was u s e d  t o  p r o d u c e  t h e  t i t l e  com pound
( 2 . 4 3  g ,  85%); Rp 0 . 7 ;  v 3450 (b r)  , 3 0 2 0 ,  2950 a n d  1025  cm "1 ;
^h  (CDCl^) 1 . 4 0  -  1 . 9 0  (12H, b r  m, r i n g  -CH2 3 .6 0  ( 2 H , m , a c e t a l - H )  ,
3 . 8 8  ( 4 H ,m , r i n g  -0CH2 ) , 4 . 1 8  (4H,m, 1 -  an d  4 -H 2 ) a n d  5 . 7 4  (2H,m, 2 -
a n d  3-H) (Found C, 6 5 . 1 ;  H, 9 . 9 9 .  C14H24°4  re<3u -^r e s  C ' 6 5 . 6 2 ;
H, 9 . 3 8 ) .
A t t e m p t e d  s y n t h e s i s  o f  c i s - 1 , 2 - B i s ( h y d r o x y m e t h y l )  c y c l o p r o p a n e  ( 2 4 2 ) .
125 126F o l l o w i n g  t h e  M ethod o f  C o n ia  e t _ a L ,  o r  o f  S m i th  a n d  Simmons
w i t h  c i s  2- b u t e n e - l , 4 - d i o l  g a v e  no  f o r m a t i o n  o f  c y c l o p r o p a n e  (by
n . m . r .  d a t a ) .
A t t e m p t e d  s y n t h e s i s  o f  t r a n s - 1 , 2 - B i s ( h y d r o x y m e t h y l ) c y c l o p r o p a n e
(243) . -  The same r e s u l t s  w e re  o b t a i n e d  a s  f o r  t h e  c i s  i s o m e r .
A t t e m p t e d  s y n t h e s i s  o f  c i s - a n d  t r a n s - 1 , 2 - B i s  ( t e t r a h y d r o p y r a n y l -  
h y d r o x y m e t h y l ) c y c l o p r o p a n e  a n d  u s i n g  e i t h e r  c y c l o p r o p a n a t i o n  
m e t h o d , 125 ,126  gave  c o m p le te  r e t u r n  o f  s t a r t i n g  m a t e r i a l .
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D i e t h y l  b ro m o m a lo n a te  ( 2 4 0 ) .  B rom ine  ( 1 6 .5  g ,  0 . 1  mmol) was
a d d e d  s l o w l y ,  w i t h  h e a t i n g  f o r  t h e  f i r s t  few d r o p s  t o  a  s o l u t i o n
o f  d i e t h y l  m a l o n a t e  (16 g ,  0 . 1  mol) i n  CCl4 (15 m l ) .  A f t e r
a d d i t i o n ,  t h e  m i x t u r e  h e a t e d  a t  r e f l u x  u n t i l  t h e  c o l o u r
d i s a p p e a r e d  a n d  w as  t h e n  a l l o w e d  t o  c o o l .  A f t e r  w a s h i n g  w i t h
2% w /v  Na^CO^ (5 x  50  ml) t h e  o r g a n i c  l a y e r  w as d r i e d ,  f i l t e r e d ,
a n d  c o n c e n t r a t e d  i n  v a c u o .  The r e s i d u e  was c a r e f u l l y  d i s t i l l e d
t o  g i v e  d i e t h y l  b r o m o m a lo n a te  ( 1 2 .1  g ,  51%); b . p .  5 0 - 6 0 ° C  a t
0 . 1  mm Hg ( l i t .  132 132 -  1 3 6 °C a t  33 mm Hg) ; 6 1 . 3 3  (6H, t ,
H
-CH ) ,  4 . 3 1  (4H, q ,  -CH - ) ,  a n d  4 .8 6  (1H, s )  ; “ / z  24 0  a n d  238 (M+)
(F o u n d  C, 3 5 . 2 8 ;  H, 4 . 7 7 ;  B r ,  3 1 . 1 7 .  C7Hn ° 4B r  recIu i r e s  
C , 3 5 . 1 2 ;  H, 4 . 6 0 ;  B r ,  3 3 . 4 7 ) .
1 , 1 - B i s ( c a r b o x y e t h y l ) - 2 - c a r b o x y e t h y l  c y c l o p r o p a n e  ( 2 4 1 ) .  To a
s u s p e n s i o n  o f  NaH ( 0 .2 4  g d r y  w e i g h t ,  0 . 0 1  mmol) i n  d r y  THF (25 ml)
w as a d d e d  m e t h y l  a c r y l a t e  ( 1 .2 9  g ,  0 .0 1 5  m m ol) .  The s o l u t i o n
w as  c o o l e d  t o  0°C a n d  d i e t h y l  b ro m o m a lo n a te  ( 2 . 4 g ,  0 . 0 1  mmol) w as
a d d e d  w i t h  v i g o r o u s  s t i r r i n g .  A f t e r  20 m in ,  w a t e r  (15 ml) was
a d d e d  a n d  t h e  s o l v e n t  rem o v ed  i n  v a c u o . The r e s i d u e  w as t a k e n
up  i n  HCl (15 m l ,  1M) a n d  e x t r a c t e d  w i t h  CHCl^ (4 x  20  m l ) . The
c o m b in e d  o r g a n i c  l a y e r s  w e re  d r i e d  a n d  c o n c e n t r a t e d  i n  v a c u o  t o
g i v e  an  o i l  w h ic h  w as d i s t i l l e d  t o  g i v e  (+) - 1 , 1- b i s ( c a r b o x y e t h y l ) -
o
2- c a r b o x y m e t h y l  c y c l o p r o p a n e  ( 1 .5 2  g ,  62%) b . p .  9 1 - 9 2  C a t  0 . 0 5
mm Hg ;  Vmax 3 0 2 5 ,  1725 a n d  1280 cm "1 ; 1 . 2 8  (6H, t ,  C H ^ H ^  ,
1 . 6 5 ,  1 .9 6  a n d  2 . 5 8  (3H, ABX, = 4 .6  H z, JRX = 9 .  3Hz a n d
J  = 6 .5 H z ) , 134 3 .7 3  (3H, s ,  OCH ) , an d  4 . 2 2 .  (4H, q ,  - O C H ^ H ^  ;
BX
6 1 3 . 4  (-CH9CH ) ,  1 8 .9  ( C - 3 ) ,  2 6 .9  ( C - 2 ) ,  3 6 .4  ( C - l ) ,  5 1 . 7  ( -O C H ^),
C /  j
6 1 . 1  a n d  6 1 . 7  ( - 0CH - ) ,  1 6 5 .2  a n d  1 6 8 .0  (C-4 a n d  C -5)  a n d  1 6 9 .2  (C -6 ) ;
182
* / z  244 (M+ , 4 .3 % ) ,  199 (100% ), 1 8 5 ,  171 a n d  1 5 7 ;  (F o u n d ;  M+ ,
2 4 4 . 0 9 4 5 ;  C, 5 3 . 4 ;  H, 7 . 2 6 .  C11H16°6  re<3u^ r e s  2 4 4 .0 9 4 7  ;
C , 5 4 . 1 ;  H, 6 . 5 6 ) .
( + ) - 1 , 1 , 2 - C y c lo p r o p a n e  t r i c a r b o x y l i c  a c i d  ( 2 3 6 ) .  1 , 1 - B i s -
( C a r b o x y e t h y l ) - 2 - c a r b o x y m e t h y l  c y c l o p r o p a n e  (1 g ,  4 . 1  mmol) a s  a
s o l u t i o n  i n  EtOH (5 ml) was a d d e d  s l o w l y  d r o p w is e  t o  a  s o l u t i o n  o f
NaOH ( 0 . 7  g) i n  w a t e r  (5 ml) w i t h  s t i r r i n g  a t  8 0 °C . W a te r  (1 0  ml)
w as  a d d e d  a n d  t h e  m i x t u r e  w as h e a t e d  a t  r e f l u x  f o r  18 h .  The
s o l v e n t  was rem o v ed  u n d e r  r e d u c e d  p r e s s u r e ,  a n d  t h e  r e s i d u e  w as
d i s s o l v e d  i n  HC1 (50  m l ,  1£J) / a n d  c o n t i n u o u s l y  e x t r a c t e d  w i t h  d i e t h y l
e t h e r  f o r  24 h .  E v a p o r a t i o n  o f  t h e  o r g a n i c  s o l v e n t  u n d e r  h i g h
vacuum  g a v e  an  o f f - w h i t e  s o l i d  w h ic h  was r e c r y s t a l l i s e d  f ro m  w a t e r
t o  g i v e  t h e  t i t l e  compound a s  a  w h i t e  c r y s t a l l i n e  s o l i d  ( 0 . 4 4  g ,  61%
y i e l d )  m .p .  1 8 4 -1 8 5 ° C ;  ( l i t . 133 1 8 5 - 1 8 6 ° C ) ; Rf  0 . 4 ;  Vmax 3 1 0 0 ,
1 6 9 0 ,  1 4 2 5 ,  1290  a n d  1210 cm"1 ; Sc  (D O ) 1 . 6 ,  1 . 7  a n d  2 .5 2  (3H, ABX
s y s t e m ,  = 4 . 8  H z, J ^ x = 9 . 4  Hz a n d  = 6 . 5  Hz) ; Sc  (D2O)
2 0 . 8  ( C - 3 ) ,  2 9 .5  ( C - 2 ) ,  3 7 .6  ( C - l ) ,  1 7 1 . 5 ,  1 7 2 .7  a n d  1 7 3 .9  ( c a r b o x y -
l a t e s )  ; “ / z  n o  M+ , 130  (-C0 ) ,  129 ( -C 0 2H) a n d  128 ( -H C O ^ )  (F o u n d :
C , 4 0 . 9 9 ;  H, 3 . 5 9 ;  Cr Hr Oc r e q u i r e s  C, 4 1 . 3 8 ;  H, 3 . 4 5 ) .
'  6 6 6
D e c a r b o x y l a t i o n  o f  1 , 1 , 2- c y c l o p r o p a n e  t r i c a r b o x y l a t e .
M e th o d  1 :  The t r i a c i d  (100  mg, 0 . 6  mmol) was h e a t e d  a t  200  C o n
a  Woods m e t a l  b a t h ,  u n d e r  N , i n  t h e  p r e s e n c e  o f  2 , 4 , 6  t r i m e t h y l  
p y r i d i n e  ( 4 m l ) . N .m . r .  s p e c t r o s c o p y  o f  t h e  c r u d e  m i x t u r e  sh o w e d
m a i n l y  s t a r t i n g  m a t e r i a l .
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M ethod  2 . The t r i a c i d  (1 0 0  mg, 0 . 6  mmol) w as h e a t e d  a t  2 0 0 °C 
on  a  K u g e l r o h r  a p p a r a t u s ,  u n d e r  N^, i n  t h e  p r e s e n c e  o f  6 M HC1 (4 ml) . 
N . m . r .  s p e c t r o s c o p y  o f  t h e  c r u d e  m i x t u r e  show ed  n o  i d e n t i f i a b l e  
p r o d u c t  o r  s t a r t i n g  m a t e r i a l .
M e th o d  3 . The t r i a c i d  (1 0 0  mg, 0 . 6  mmol) w as h e a t e d  a t  200°C i n  
a  p r e - h e a t e d  K u g e l r o h r  ov en  f o r  10 m in ,  a t  a  p r e s s u r e  o f  0 . 1  mm Hg. 
D u r i n g  t h i s  t im e  a  w h i t e  s o l i d  was d e p o s i t e d  on  t h e  i n s i d e  o f  t h e  
r e c e i v e r  b u l b s .  R e c r y s t a l l i s a t i o n  fro m  H^O g a v e  c i s - 1 , 2 - c y c l o ­
p r o p a n e  d i c a r b o x y l a t e  (238) (24 mg, 32% y i e l d )  m .p .  139 -  142°C
( l i t . 146 1 3 9 ° C ) ; R 0 . 1  ( C H C 1 J ; v 3 0 5 0 ,  295 0  ( b r ) , 2650  (b r )F 3 max
a n d  1700  cm 1 ; <5 (D O) 1 .6 5  (2H, m, 3-H ) a n d  2 .3 5  (2H, m, 1 -H Z  Z
a n d  2 - H ) ;  6Q (D O) 1 6 .5 6  ( C - 3 ) ,  2 3 .3  ( C - l  a n d  C -2)  a n d  177 p . p . m .
“ / z  130  (M+ , 1 .6 % ) ,  1 12 ,  84 (100% ); (Found M+ , 1 3 0 . 0 2 5 7 ;  C, 4 6 . 2 9 ;
H, 4 . 6 1 ;  CH^ O.  r e q u i r e s  M, 1 3 0 .0 2 6 6 ;  C, 4 6 . 1 5 ;  H, 4 . 6 1 ) .  The 
5 6 4 —
b ro w n  r e s i d u e  i n  t h e  r e a c t i o n  v e s s e l  was t r i t u r a t e d  w i t h  d i e t h y l  e t h e r  
l e a v i n g  a  b ro w n  gum w h ic h  was r e c r y s t a l l i s e d  f ro m  w a t e r  t o  g i v e  
( + ) - t r a n s - 1 , 2- c y c l o p r o p a n e  d i c a r b o x y l a t e  (239) (38  mg, 51% y i e l d ) ,
m .p .  1 7 7 -1 7 9 °C  ( l i t ,  146 1 7 5 -1 7 6 °C) ; Rp 0 . 1  (C H C l^  ; Vmax 3050
300 0  ( b r ) , 2650  (b r )  a n d  1700  cm"1 ; 6R (D O ) 1 . 5 1  (2H, m, 3-H2 ) a n d
2 . 1 0  (2H, m, 1 -  a n d  2 -H ) ;  (D2°)  1 5 *4 (c ""3 ) '  2 2 *2 (c ~1 311(3 c “ 2 ^
a n d  1 7 5 .6  p . p . m . ;  “ / z  130 (M+ , 2 .1 % ) ,  1 1 2 ,  84 (100% ); (F ound  C,
4 6 . 4 5 ;  H, 4 . 6 4 .  C^-H^O^ r e q u i r e s  C, 4 6 . 1 5 ;  H, 4 . 6 1 ) .
c i s  1 , 2 - B i s ( h y d r o x y m e t h y l ) c y c l o p r o p a n e  ( 2 4 2 ) .  c i s _ - l , 2 - c y c l o ­
p r o p a n e  d i c a r b o x y l a t e  (238) (500  mg, 3 .8 5  mmol) w as d i s s o l v e d  i n
d r y  CH2C12 (1 0  ml) a n d  c o o l e d  t o  0 °C . D i i s o b u t y l a l u m i n i u m  h y d r i d e  
i n  t o l u e n e  (25 m l ,  1 . 0  M, 25 mmol) was a d d e d  d r o p w i s e  w i t h  s t i r r i n g ,
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u n d e r  The s o l u t i o n  was s t i r r e d  a t  0°C f o r  30 m i n u t e s
t h e n  a t  room  t e m p e r a t u r e  f o r  1 h .  E t h y l  a c e t a t e  (1 ml) w as a d d e d
a n d  t h e  s o l u t i o n  was p o u r e d  o n t o  a  s u s p e n s i o n  o f  a c e t o n e  (50  ml)
a n d  c e l i t e  (10  g) . M e th a n o l  (5 ml) was a d d e d  w i t h  v i g o r o u s
s h a k i n g  u n t i l  t h e  m i x t u r e  g e l l e d .  A f t e r  s t a n d i n g  f o r  15 m i n u t e s ,
w a t e r  (10  ml) was a d d e d  a n d  t h e  m i x t u r e  w as f i l t e r e d  a n d  w a s h e d  w i t h
w a t e r  (3 x  20 ml) an d  m e th a n o l  (8  x  50  ml) . C o n c e n t r a t i o n  o f  t h e
f i l t r a t e ,  i n  v a c u o , gav e  an  o i l  w h ic h  was d i s t i l l e d  t o  g i v e  c i s -
1 , 2 - b i s  ( h y d r o x y m e th y l )  c y c l o p r o p a n e  (242) (257  mg, 65%) b . p .  61°C
a t  0 . 2  mm Hg ( l i t . 147 1 0 7 -1 0 9 °C a t  5 mm Hg) ; v 3300  ( b r )  ,max
2 9 5 0  a n d  1050  cm ( d ^ - a c e t o n e )  0 . 4 5  (2H, m, 3-H_) , 0 . 9 8H o  2
(2H , m, 1 -  a n d  2-H) , 3 .4 0  (4H, b r  m, O-CH^) anc3 4 . 0 0  (2H, b r  s ,
0-H) ; 6 _ ( d _ - a c e t o n e )  9 .3 6  ( C - 3 ) , 2 3 .1  ( C - l  a n d  C -2) a n d  6 4 . 2C 6
(C -4  a n d  C - 5 ) . The d i b e n z o a t e  d e r i v a t i v e  m e l t s  a t  9 1 -9 3 ° C
(EtOH) (F o u n d  C , 7 2 .9 8 ;  H, 5 . 7 6 .  C19H1 8 ° 4  rec5u i r e s  C ' 7 3 . 5 5 ;
H, 5 . 8 1 ) .
t r a n s - 1 , 2 - b i s  (h y d ro x y m e th y l )  c y c l o p r o p a n e  (243) . The r e d u c t i o n  
w as  c a r r i e d  o u t  on  t r a n s - 1 , 2- c y c l o p r o p a n e  d i c a r b o x y l a t e  (239)
(5 0 0  mg, 3 .8 5  mmol) u s i n g  t h e  same m e th o d  a s  f o r  c i s - 1 , 2- c y c l o ­
p r o p a n e  d i c a r b o x y l a t e .  T h i s  g a v e  t h e  t i t l e  com pound a s  a n  o i l
(2 7 0  mg, 69%) , b . p .  150°C ( K u g e l r o h r  o v e n  t e m p e r a t u r e )  a t  0 . 1  mm Hg 
( l i t . 147  9 5 -1 0 3 ° C  a t  1 mm Hg) ; [ a ] ^ 0  ° °  ( £  3 i n  MeOH) ; 330 0
( b r )  , 295 0  a n d  1055 cm"1 ; 6h (d  - a c e t o n e )  0 . 3 5  (2H, d d ,  J  7 Hz
a n d  6 . 7  H z , 3_H2) ' ° ' 90  ^2H' m/ 1_ a n d  2" H) '  3 ,2 6  ^2H'  d d '  -  1 1 ,1  Hz
a n d  6 . 9  H z ,  4 -  an d  5 - H ) ,  3 .4 6  (2H, d d ,  J_ 1 1 . 3  Hz a n d  5 . 7  Hz) a n d
4 . 5 8  (2H, s ,  OH); 6C ( d ^ - a c e t o n e )  7 .7 2  ( C - 3 ) ,  1 9 .8 5  ( C - l  a n d  
C -2)  a n d  6 5 . 7  (C -4  a n d  C - 5 ) .  The d i b e n z o a t e  d e r i v a t i v e  m e l t s  a t
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1 1 2 - 1 1 3  C (E tO H ), (Found C , 7 3 . 1 4 ;  H, 5 . 9 2 .  C H 0 .  r e q u i r e s
19 18 4
C , 7 3 . 5 5 ;  H, 5 . 8 1 ) .
c i s - 1 , 2 - B i s ( a m i n o m e t h y l )  - c y c l o p r o p a n e  ( 2 2 9 ) d i h y d r o c h l o r i d e .
To a  s o l u t i o n  o f  c i s - 1 , 2 - b i s  (h y d r o x y m e th y l )  c y c l o p r o p a n e  (128  mg,
1 . 3  mmol) i n  d r y  THF (5 ml) w as a d d e d  a  s o l u t i o n  o f  HN^ i n  b e n z e n e
( 2 . 3 4  m l ,  1 .4M , 3 .2 8  mmol) a n d  a  s o l u t i o n  o f  d i i s o p r o p y l  a z o d i -
c a r b o x y l a t e  ( 0 . 5 8  g ,  2 .8 8  mmol) i n  d r y  THF (5 m l ) ,  P h 3P (1 * 5 0  g ,
5 . 7 2  mmol) w as a d d e d  d r o p w is e  k e e p i n g  t h e  r e a c t i o n  t e m p e r a t u r e
b e l o w  4 0 °C . A f t e r  a d d i t i o n ,  t h e  s o l u t i o n  w as s t i r r e d  f o r  30
m i n u t e s  t h e n  h e a t e d  a t  50°C f o r  2 h .  W a te r  (2 ml) w as a d d e d
a n d  h e a t i n g  a t  50°C was c o n t i n u e d  f o r  2 h .  The s o l v e n t  w as
re m o v e d  i n  v a c u o  a n d  t h e  r e s i d u e  was p a r t i t i o n e d  b e tw e e n  CH^Cl^
(25 ml) a n d  HC1 s o l u t i o n  (25 m l ,  l j p  . The a q u e o u s  l a y e r  w as
w a s h e d  w i t h  CH C l2 (2 x  25 ml) a n d  c o n c e n t r a t e d  i n  v a c u o . The
s o l i d  r e m a i n i n g  was r e c r y s t a l l i s e d  f ro m  90% a q u e o u s  e t h a n o l / a c e t o n e
t o  g i v e  c i s - 1 , 2 - b i s ( a m i n o m e t h y l ) c y c l o p r o p a n e  (229) d i h y d r o c h l o r i d e
a s  a  w h i t e  p o w d e r  (105 mg, 47%) m .p .  > 300 C; R ,^ 0 . 2  (MeOH/NH^,
9 : 1 ) ;  v 3040  an d  1730  cm 1 ; 6 (D O ) 0 . 9 9  (2H, m, 3-H ) ,
max H 2 ^
1 . 4 0  (2H, m, 1 -  a n d  2-H) a n d  3 . 2 0  (4H, c o m p le x ,  4 -  a n d  5 -H 2 ) ;
5c  (D O) 1 0 .6 5  ( C - 3 ) ,  1 5 .6 9  ( C - l  a n d  C-2) a n d  4 3 . 7 0  (C -4  a n d  C - 5 ) ;  
(F o u n d  C , 3 4 . 9 5 ;  H, 7 . 7 6 ;  N, 1 5 . 8 4 .  C5H14N2C12 re<*u i r e s  C '
3 4 . 6 8 ;  H, 8 . 2 3 ;  N, 1 6 . 1 8 ) .
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^ " t r a n s - 1 , 2 - B i s ( a m i n o m e t h y l )  c y c l o p r o p a n e  (230) d i h y d r o c h l o r i d e .
T h i s  com pound  w as made i n  an  e x a c t l y  a n a l o g o u s  f a s h i o n  t o  c i s - 1 , 2 -  
b i s ( a m i n o m e t h y l )  c y c l o p r o p a n e  (229) d i h y d r o c h l o r i d e  t o  g i v e  o f f - w h i t e
n e e d l e s  (152  mg, 58% ), m .p .  > 320°C ; R 0 . 2  (MeOH/NH_, 9 : 1 ) ;
F 3
Vmax 3045  a n d  1740  cm 1 ;  6h (D20) ° * 91  (2Hr b r  3" H2 ) '  1 *82 (2H ' 
c o m p l e x ,  1 -  a n d  2 - H ) ,  3 .4 9  (2H, d d ,  J  1 3 . 2  Hz a n d  7 . 2  H z ,  4 -  a n d
5-H) a n d  3 .6 9  (2H, d d ,  J  1 3 .3  Hz a n d  6 .6  H z , 4 -  a n d  5 - H ) ; 6C (D20)
9 . 6 9  ( C - 3 ) ,  1 5 . 0 0  ( C - l  a n d  C-2) a n d  4 2 .9 8  (C -4  a n d  C - 5 ) ;  (Found
C , 3 5 . 0 3 ;  H, 7 . 8 9 ;  N, 1 6 . 6 2 .  <35H14N2(3^2 rec?u:*-r e s  3 4 .6 8 ;
H, 8 . 2 3 ;  N , 1 6 . 1 8 ) .
( E ) - B u t - 2 - e n e - l , 4 - d i o l  ( 2 2 8 ) .  A s o l u t i o n  o f  DIBAL i n  t o l u e n e
(39  m l ,  1 .5M , 0 . 0 6  mol) was a d d e d  d r o p w i s e  t o  a  s o l u t i o n  o f  d i e t h y l
f u m a r a t e  (2 g ,  0 .0 1 2  mol) i n  d r y  t o l u e n e  (5 0  ml) a t  - 2 0 ° C ,  u n d e r
o
N2 w i t h  s t i r r i n g .  The m i x t u r e  w as s t i r r e d  a t  - 2 0  C f o r  30 m i n u t e s
t h e n  a t  room  t e m p e r a t u r e  f o r  1 h .  E t h y l  a c e t a t e  ( 2 . 5  ml) was a d d e d
a n d  t h e  s o l u t i o n  w as p o u r e d  o n t o  a  s u s p e n s i o n  o f  c e l i t e  (20  g) i n
a c e t o n e  (1 2 0  ml) . M e th a n o l  (20 ml) w as  a d d e d  s l o w l y  w i t h
v i g o r o u s  s h a k i n g  u n t i l  a  g e l  f o r m e d .  The g e l  w as l e f t  t o  s t a n d
f o r  30 m i n u t e s  t h e n  w a t e r  was a d d e d  t o  b r e a k  up t h e  g e l .  The
m i x t u r e  w as  f i l t e r e d ,  w a sh e d  w i t h  w a t e r  (2 x  100 ml) , a n d  m e th a n o l
(5 x  100  ml) t h e n  t h e  co m b in e d  f i l t r a t e  a n d  w a s h i n g s  w e re  c o n c e n t r a t e d
i n  v a c u o .  The r e s i d u e  was d i s t i l l e d  t o  g i v e  ( E ) - B u t - 2 - e n e - l , 4 -
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d i o l  (228) ( 0 . 5 4  g ,  51%) b . p .  150°C  ( K u g e l r o h r )  a t  1 mm Hg ( l i t .
1 2 5 - 1 2 7 ° C  a t  10 mm Hg) ; <$H (d 4~MeOH) 4 . 1 3  (4H, d ,  J  2 Hz) a n d
5 . 8 5  ( 2H, b r  s ) ; (Found  C, 5 4 . 4 0 ;  H, 9 . 0 3 .  C4H80 2 r e q u i r e s
C , 5 4 . 5 4 ;  H, 9 . 0 9 ) .  The d i b e n z o a t e  d e r i v a t i v e  was o b t a i n e d  a s  w h i t e
c r y s t a l s  f ro m  EtOH, m .p .  1 0 3 -1 0 4 ° C .  The d i b e n z o a t e  d e r i v a t i v e  o f
authentic (£)-But-2-ene-l,4-diol is m.p. (EtOH) 64-65°C.148
( E ) - B u t - 2 - e n e - l , 4 - d i a m i n e  (226) d i h y d r o c h l o r i d e . A s o l u t i o n  o f
HN3 i n  b e n z e n e  (25 m l ,  1 .86M , 0 . 0 5  mol) w as a d d e d  t o  a  s o l u t i o n  
o f  (E) - b u t - 2 - e n e - l , 4 - d i o l  (228) ( 0 . 8 8  g ,  0 . 0 1  mol) i n  THF (10  m l ) .  
D i i s o p r o p y l a z o d i c a r b o x y l a t e  ( 4 . 4 4  g ,  0 . 0 2 2  mol) i n  THF (1 0  ml) w as  
a l s o  a d d e d  w i t h  s t i r r i n g .  A s o l u t i o n  o f  Ph^P ( 1 1 .5 4  g ,  0 . 0 4 4
m ol)  i n  THF (60  ml) was a d d e d  d r o p w i s e  s u c h  t h a t  t h e  t e m p e r a t u r e  
o f  t h e  r e a c t i o n  was m a i n t a i n e d  a t  a r o u n d  4 0 °C . A f t e r  a d d i t i o n  
t h e  s o l u t i o n  was s t i r r e d  f o r  1 h  t h e n  h e a t e d  a t  50°C f o r  3 h .
W a t e r  (2 ml) was a d d e d  an d  t h e  s o l u t i o n  w as s t i r r e d  a t  50°C  f o r  
a  f u r t h e r  3 h .  The s o l v e n t  w as re m o v e d  u n d e r  r e d u c e d  p r e s s u r e ,  
a n d  t h e  r e s i d u e  w as p a r t i t i o n e d  b e tw e e n  CH^Cl^ (80 ml) a n d  HC1 
s o l u t i o n  (8 0  m l ,  1M) . The a q u e o u s  l a y e r  was t h e n  w a s h e d  w i t h  
CH^Cl^ (2 x  80 ml) a n d  t h e  w a t e r  w as e v a p o r a t e d  i n  v a c u o  t o  l e a v e  
( E ) - b u t - 2 - e n e - 1 , 4 - d i a m i n e  (226) d i h y d r o c h l o r i d e  (500  mg, 31%) 
m .p .  > 300°C ( d e c ) ;  Rp 0 . 1  (MeOH/NH3 , 9 : 1 ) ;  6h (D20) 4 . 0  (4H, m) 
a n d  6 . 1 5  (2H, m ) ; (D20) 4 2 . 8  ( C - l  a n d  C-4) a n d  1 3 0 . 4  (C-2 a n d
C - 3 ) ;  (F ound  C, 2 9 . 9 6 ;  H, 7 . 5 9 ;  N, 1 7 . 1 9 .  C4H12N2C12 r e q u i r e s
C , 3 0 . 1 9 ;  H, 7 . 5 5 ;  N, 1 7 . 6 1 ) .
( Z ) - B u t - 2 - e n e - 1 , 4 - d i a m i n e  (225) d i h y d r o c h l o r i d e . T h i s  w as made i n
a n  e x a c t l y  a n a l a g o u s  f a s h i o n  t o  t h e  ( E ) - i s o m e r ,  u s i n g  ( Z ) - b u t - 2 -
e n e - 1 , 4 - d i o l  (227) ( 0 . 4 4  g ,  5 mmol) [ s u p p l i e d  by  A l d r i c h ] .  T h i s
g a v e  t h e  t i t l e  compound (265 mg, 33%), m .p .  > 300 C; R ,^ 0 . 1  (MeOH/
NH , 9 : 1 ) ;  6 (D O )  4 . 1  (4H, m) a n d  6 . 2  (2H, m ) ; 6C (D20) 3 8 .6
3 H 2
( C - l  a n d  C-4) a n d  1 2 9 .4  (C-2 a n d  C - 3 ) . The s p e c t r u m  a l s o
c o n t a i n e d  two s m a l l  p e a k s  c o r r e s p o n d i n g  t o  t h e  ( E ) - i s o m e r  a t  4 2 . 8
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a n d  1 3 0 .4  p . p . m ;  (Found  C, 3 0 . 0 9 ;  H, 7 . 7 7 ;  
C4H12N2C^2 recI x;L'-r e s  C '  3 0 .1 9 ;  H, 7 . 5 5 ;  N
N, 1 7 . 2 2 .  
, 1 7 . 6 1 ) .
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9 - 4  E x p e r i m e n t a l  t o  C h a p t e r  8 .
( - ) - P l a t y n e c i n e  ( 8 ) .  ( + ) - R e t r o n e c i n e  (500  mg, 3 .2  mmol)
w as  d i s s o l v e d  i n  a b s o l u t e  e t h a n o l  (25 ml) a n d  h y d r o g e n a t e d  a t  1 a tm  
f o r  18 h  a t  room  t e m p e r a t u r e  o v e r  10% P d - c h a r c o a l  (50  mg) a s  
c a t a l y s t .  The s o l u t i o n  was f i l t e r e d  t h r o u g h  c e l i t e  a n d  t h e  
s o l v e n t  w as re m o v e d  i n  v a c u o  t o  g i v e  ( - ) - p l a t y n e c i n e  ( 8 ) a s  a  c l e a r  
o i l ,  w h ic h  c r y s t a l l i s e d  f ro m  a c e t o n e  (383  mg, 75% ), m .p .  1 4 9 -1 5 1 °C  
( l i t . 149 1 4 8 - 1 4 9 °C) ; [ a ] ^ 0 - 5 8 °  ( £  1 ,  EtOH) ( l i t . 149 - 5 6 . 8 ° ) ;
Vmax (KBr d±SC) 3 3 5 0 '  2 9 4 0 ' 2880  a n d  1480  cm _1 ' 6h i - 56 "  2 *24 
(4H, c o m p le x ,  2 a n d  6 -H2) , 2 .4 1  (1H, m, 1 - H ) ,  2 .6 9  -  3 . 0 0  (2H,
c o m p le x ,  3 -  o r  5 -H 2) , 3 .0 4  (1H, m, 8- H ) ,  3 . 2 0  (2H, c o m p le x ,  3 -
o r  5-H ) ,  3 . 8 1  (1H, d d ,  J  1 1 .2  Hz a n d  4 . 2  H z ,  9 - H ) ,  3 .9 1  (1H, d d ,
J  1 1 . 2  Hz a n d  2 . 6  H z , 9-H) a n d  4 . 2 1  (1H, m, 7 - H ) ; (25 MHz) 2 8 .6
( C - 2 ) ,  3 6 .5  (C -6 ) , 4 3 .9  ( C - l ) ,  5 3 . 7  a n d  5 5 . 3  (C -3  a n d  C - 5 ) ,  6 1 . 6
( C - 9 ) , 7 1 . 1  ( C -8 ) a n d  7 3 .1  ( C - 7 ) ; “ /z  157 (M+ , 7%), 1 1 3 ,  8 3 ,  82 a n d
8 1 ;  (F o u n d :  M+ , 1 5 7 .1 1 0 8 ;  C, 6 1 . 2 1 ;  H, 9 . 7 1 ;  N, 9 . 0 2 .  CQ^ 15^ 2
r e q u i r e s  fd 1 5 7 .1 1 0 3 ;  C, 6 1 . 1 5 ;  H, 9 . 5 5 ;  N, 8 . 9 2 ) .
G e n e r a l  P r o c e d u r e  f o r  S y n t h e s i s  o f  D i l a c t o n e s  [ ( 2 4 8 ) ,  ( 2 5 1 ) - ( 2 5 3 ) ,  
( 2 5 5 ) - ( 2 5 7 ) ] .  The a n h y d r i d e  ( 0 .7 6  mmol) w as a d d e d  t o  a  s o l u t i o n  
o f  ( - ) - p l a t y n e c i n e  (3) (100 mg, 0 . 6 4  mmol) i n  d r y  DME (20  ml) a t  
room  t e m p e r a t u r e  u n d e r  d r y  N2> The s o l u t i o n  was s t i r r e d  f o r  7 d 
t o  fo rm  t h e  z w i t t e r i o n i c  m o n o e s t e r s  ( t . l . c . ,  MeOH-NH^ ( 9 : 1 ) ,  Rp
0 . 3 0 ) .  D i - 2 - p y r i d y l  d i s u l p h i d e  (2 2 0  mg, 1 mmol) a n d  t r i p h e n y l -
p h o s p h i n e  (262  mg, 1 mmol) w e re  a d d e d  a n d  t h e  m i x t u r e  was s t i r r e d  
a f  room  t e m p e r a t u r e  u n d e r  N2 f o r  48 h u n t i l  t h i o e s t e r  f o r m a t i o n  w as  
c o m p l e t e  (R 0 . 1 3 ) .  The h o m o g en eo u s  y e l l o w  s o l u t i o n  was a d d e d  
o v e r  h h b y  s y r i n g e  t o  d r y  DME (1 0 0  ml) h e a t e d  a t  r e f l u x  u n d e r
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d r y  N . The m i x t u r e  was t h e n  h e a t e d  f o r  a  f u r t h e r  5 d .  The
d i e s t e r  w as p a r t i a l l y  p u r i f i e d  b y  a p p l i c a t i o n  t o  a  b a s i c  a l u m i n a
( a c t i v i t y  1) c o lu m n  a n d  e l u t i o n  w i t h  CHCl^. ( T h i s  re m o v e d  m o s t
o f  t h e  2 - t h i o p y r i d o n e  an d  t r i p h e n y l  p h o s p h i n e  o x i d e ) . The
f r a c t i o n s  c o n t a i n i n g  t h e  more p o l a r  com pounds (R 0 . 0  -  0 . 4 ) w e reF
c o n c e n t r a t e d  i r i  v a c u o  t o  g i v e  c r u d e  d i l a c t o n e s  a s  y e l l o w  o i l s .
F i n a l  p u r i f i c a t i o n  was a c h i e v e d  b y  p r e p a r a t i v e  t . l . c .
( - ) - 7 , 9 - 0 , 0 - ( 3 , 3 - D i m e t h y l g l u t a r y l ) p l a t y n e c i n e  (248) w as o b t a i n e d  a s
a  n o n - c r y s t a l l i n e  s o l i d  (11% y i e l d )  m .p .  9 2 -9 4 ° C  ( b e n z e n e - h e x a n e ) ;
R 0 . 1 5 ;  [ a ]  24 - 2 4 . 0 °  (c  2 ,  C H C 1 J ; v (C C 1 J  2 9 6 0 ,  1 7 4 0 ,  1230F D — 3 max 4
a n d  1180  c m '1 ; 1 . 1 1  (3H, s ,  1 7 -H 3 o r  1 8 -H 3) , 1 . 3 0  (3H, s ,  1 7 -H 3
o r  18-H 3) , 1 . 9 4  (2H, m, 2 - H ^ , 2 .0 8  (2H, m, 6 -H 2 ) , 2 . 1 7  a n d  2 . 3 0
(2H, AB s y s t e m ,  J  1 3 .5  Hz, 12"H2 o r  1 4 -H 2 ) , 2 . 2 0  a n d  2 . 3 2  (2H, AB
s y s t e m ,  J  1 3 . 0  H z ,  12-E  o r  14-H 2) , 2 . 5 0 - 2 . 7 0  (1H, m, 1 - H ) , 2 .8 3
(2H, m, 3 -H 2 o r  5 -H 2) , 3 .1 5  a n d  3 .3 5  (2H, m, 3 -H 2 o r  5 -H 2) , 3 .6 4
(1H, m, 8- H ) , 4 . 2 0  (1H, d d ,  £ 1 2 . 4  Hz a n d  2 . 3  H z ,  9-H) , 4 .3 2  (1H,
d d ,  J  1 2 . 4  Hz a n d  6 . 1  Hz, 9 - H ) , a n d  5 . 3 5  (1H, t ,  £  4 . 0  H z ,  7 - H ) ;
5 2 7 .6  (C -1 7  o r  C - 1 8 ) , 2 7 .9  ( C - 2 ) , 3 1 .9  (C -17  o r  C - 1 8 ) , 3 3 .7  (C-13)
C
3 4 .6  (C -6 ) , 3 9 . 3  ( C - l ) , 4 5 .3  a n d  4 5 .7  (C -12  a n d  C - 1 4 ) , 5 2 . 6  a n d  5 3 .5  
(C—3 a n d  C - 5 ) , 6 0 . 6  (C—9 ) ,  7 0 .8  (C -8) , 7 3 .4  ( C - 7 ) , 1 7 0 .5  a n d  1 7 1 .1  
( C - l l  a n d  C - 1 5 ) ; m/ z  281 (M , 12% ), 2 7 7 ,  1 8 1 ,  1 5 4 ,  1 4 0 ,  1 3 8 ,  1 2 2 ,
1 2 1 ,  1 2 0 ,  1 0 8 ,  82 (100% ), 8 1 ,  a n d  8 0 ;  (F ound  M+ , 2 8 1 .1 6 2 9 ;  C, 6 3 . 8 1 ;  
H, 8 . 4 5 ;  N, 4 . 9 1 .  C15H23N° 4  recl u i r e s  2 8 1 - 1 6 2 7 ? c ' 6 4 . 0 6 ;
H, 8 . 1 8 ;  N, 4 .9 8 % ) .
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( ) 7 , 9  0 / 0  ( G l u t a r y l ) p l a t y n e c i n e  (251) w as  o b t a i n e d  a s  an  o i l
(16% y i e l d ) ;  R 0 . 1 8 ;  [ a ]  2°  - 1 5 . 0 °  (c  1 . 4 ,  C H C 1J ; v (C C 1 J
F D — 3 max 4
2 9 8 0 ,  2 9 3 0 ,  2 8 7 0 ,  1735 a n d  1285 cm"1 ; 6 1 . 2 2  (2H, m, 1 3 - H J  , 1 . 9 0
H 2
- 2 . 1  (4 H , m, 2 -H 2 a n d  6 -H 2) , 2 .3 5  (4H, m, 1 2 -H 2 a n d  14 -H 2) , 2 .5 8  
(1H , m, 1 - H ) , 2 . 7 7 - 3 . 1 0  (2H, m, 3 -H2 o r  5 -H 2 ) , 3 . 3 9 - 3 . 5 1  (2H, m,
3 -H 2 o r  5 -H 2 ) , 3 .6 5  (1H, m, 8- H ) , 4 .1 5  (1H, d d ,  J  1 2 .2  Hz a n d  6 . 6  H z ,  
9 - H ) ,  4 . 4 0  (1H, b r  d ,  J  1 2 .2  H z , 9 - H ) ,  a n d  5 . 3 7  (1H, m, 7-H) ;
6C 2 0 . 8  (C -1 3 )  , 2 6 . 4  ( C - 2 ) , 2 9 .6  (C -6 ) , 3 4 . 4  a n d  3 4 .6  (C -1 2  a n d  
C - 1 4 ) , 3 9 .6  ( C - l ) , 5 3 .6  a n d  5 4 . 4  (C -3  a n d  C - 5 ) , 6 0 . 4  ( C - 9 ) , 7 1 .2  
( C - 8) , 7 4 . 1  ( C - 7 ) , 1 7 2 .0  a n d  1 7 3 .4  ( C - l l  a n d  C - 1 5 ) ; ® / z _ 253 (M+ ,
10%) 1 4 0 ,  1 3 8 ,  1 2 2 ,  1 2 1 ,  1 0 8 ,  9 6 ,  9 5 ,  82 (1 0 0 % ),  81 a n d  8 0 ;
(F o u n d  M+ , 2 5 3 .1 3 1 4 .  C.. ,H QN0 r e q u i r e s  M, 2 5 3 . 1 3 1 4 ) .
—  i  j xy 4 ~
( - )  - 7 , 9 - 0 , 0 -  ( 3 , 3 - T e t r a m e t h y l e n e g l u t a r y  1 ) p l a t y n e c i n e  (252) was
r t  20 o  , ,
o b t a i n e d  a s  a n  o i l  (13% y i e l d )  ; R 0 . 1 3 ;  L aJn - 3 0 . 0  (c  ^ 1 ,F u
CHC1_) ; V ( C C 1 J  , 2 9 6 0 ,  2 9 3 0 ,  1 7 4 5 ,  1 1 0 0 ,  1030  cm"1 ; 6U 1 . 7 0
3 max 4 n
( 8H, m, 1 7 - ,  1 8 - ,  1 9 -  a n d  20-H 2 ) , 1 . 9 0 - 2 . 3 0  (4H, c o m p le x ,  2 -H 2 a n d
6 - H 2 ) , 2 . 2 4  a n d  2 .3 9  (2H, AB s y s t e m ,  £ 1 2 . 9  H z , 1 2 -H 2 o r  1 4 -H 2) ,
2 . 2 8  a n d  2 . 4 0  (2H, AB s y s t e m ,  £  1 4 . 0  H z ,  1 2 -H 2 o r  1 4 -H 2 ) , 2 . 5 8  
(1H, m, 1 - H ) ,  2 .8 5  (2H, m, 3-H2 o r  5 -H 2 ) , 3 .0 7  a n d  3 . 2 4  (2H, m,
3 -H 2 o r  5 -H 2 ) , 3 .5 6  (1H, m, 8 - H ) ,  4 .1 6  (1H, b r  d ,  £  4 . 5  H z ,  9 - H ) ,
4 . 2 4  (1H , b r  d ,  J  4 . 5  H z, 9 - H ) , a n d  5 . 4 9  (1H, t ,  £  4 . 0  H z , 7 - H ) ;
5 2 3 . 0  a n d  2 3 . 7  (C -18  an d  C - 1 9 ) , 2 8 .1  ( C - 2 ) ,  2 9 . 8  (C -6 ) ,  3 4 .9  a n d
3 6 . 8  (C -1 7  a n d  C - 2 0 ) , 3 9 .1  ( C - l ) ,  4 3 .6  a n d  4 3 . 8  (C -12  a n d  C - 1 4 ) ,
4 4 . 5  ( C - 1 3 ) , 5 2 .6  a n d  5 3 .5  (C -3  a n d  C - 5 ) , 6 1 . 1  ( C - 9 ) , 7 1 .4  (C -8 ) ,
7 3 . 3  ( C - 7 ) ,  1 7 1 .1  a n d  1 7 1 .6  ( C - l l  a n d  C - 1 5 ) ;  ™/z 307 (M+ , 32%),
1 4 8 ,  1 8 1 ,  1 4 0 ,  1 3 9 ,  1 3 8 ,  122 (100% ), 1 2 1 ,  1 0 8 ,  9 6 ,  9 5 ,  8 2 ,  81 a n d  
8 0 ;  (F o u n d  M+ , 3 0 7 .1 7 9 0 .  C1 ?H25N04 r e q u i r e s  M, 3 0 7 . 1 7 8 3 ) .
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( - ) - 7 , 9 - 0 , 0 - ( 3 , 3 - P e n t a m e t h y l e n e g l u t a r y l ) p l a t y n e c i n e  (253 )  w as
o b t a i n e d  a s  a n  o i l  (14% ); R 0 . 1 4 ;  [ a ]  20 - 2 6 . 9 °  (c  1 ,  C H C 1 J  ;
r D — 3
Vmax (CC14) 2 9 4 0 ' 2 8 6 0 ' 1 7 4 0 ' 1 4 4 0 '  1 2 2 5 '  1160  a n d  1120  C!a~ 1 '
6h  1 .4 8  ( 10H, b r  m, 1 7 - ,  1 8 - ,  1 9 - ,  2 0 -  a n d  21-H ) , 1 . 9 0 - 2 . 0 9  (2H,
m, 2-H 2 ) , 2 . 1 5 - 2 . 2 0  (2H, m, 6 -H ) ,  2 . 1 0  a n d  2 .5 7  (2H, AB s y s t e m ,
1 4 . 0  H z , 12-E^  o r  14-H ^) , 2 .2 6  a n d  2 . 3 8  (2H, AB s y s t e m ,  J  1 3 . 4  H z ,
1 2 -H 2 o r  1 4 -H 2 ) , 2 .6 2  (1H, m, 1 - H ) , 2 .9 5  (2H, m, 3 -H 2 o r  5 -H 2 ) ,
3 .3 6  a n d  3 .5 7  (2H, m, 3 -H 2 o r  5-H ) ,  3 .7 9  (1H, m, 8 - H ) ,  4 . 1 8  (1H,
d d ,  J  6 . 2  Hz a n d  1 . 1  H z ,  9 - H ) , 4 . 4 3  (1H, d d ,  J  6 . 2  Hz a n d  2 . 8  H z ,
9 - H ) ,  a n d  5 . 4 0  (1H, t ,  J  3 . 8  H z , 7 - H ) ;  6C 2 1 .5  a n d  2 1 . 6  (C -1 8  a n d
C - 2 0 ) , 2 5 .7  ( C - 1 9 ) , 2 8 .2  ( C - 2 ) ,  2 9 .7  (C -6 ) ,  3 4 .6  a n d  3 5 . 4  (C -1 7  a n d
C - 2 1 ) , 3 6 .5  ( C - 1 3 ) ,  3 9 . 1  a n d  3 9 .6  (C -12  a n d  C - 1 4 ) ,  4 2 . 4  ( C - l ) ,  5 2 . 9
a n d  5 3 .9  (C -3  a n d  C - 5 ) , 6 0 . 1  ( C - 9 ) ,  7 1 .2  (C -8 ) ,  7 3 . 3  ( C - 7 ) ,  1 7 0 .5
a n d  1 7 1 .4  ( C - l l  a n d  C - 1 5 ) ;  “ / z  321 (M+ , 12% ), 1 8 1 ,  1 3 8 ,  122 (100%)
1 2 1 ,  1 2 0 ,  1 0 8 ,  9 6 ,  9 5 ,  8 2 ,  81 a n d  8 0 ;  (F o u n d  M+ , 3 2 1 . 1 9 2 3 .
C H _N0. r e q u i r e s  M, 3 2 1 . 1 9 3 5 ) .
18 27 4 —
( - ) - 7 , 9 - 0 , 0 - ( S u c c i n y l ) p l a t y n e c i n e  (255) w as p r e p a r e d  a s  a n  o i l
(12% y i e l d ) ;  Rp  0 . 3 7 ;  [ a l ^ 3 - 1 6 . 0 °  (c  1 . 5 ,  C H C l^  ; 2 9 6 0 ,
2 9 2 5 ,  1 7 6 0 ,  1 4 2 0 ,  122 0  a n d  114 0  cm 1 ; S 1 . 2 3  (5H, c o m p l e x ,  1 -H ,
2-H a n d  6 -H ) ,  2 . 0 0  (4H, m, 12-H a n d  13-H ) , 2 . 5 1  (1H, m, 8 -H) ,
2 2 z z
2 .6 2  (2H, m, 3 -H 2 o r  5 -H 2 ) , 3 .0 8  (2H, b r  t ,  3 -H 2 o r  5 - H 2) , 3 .6 5
(1H, d ,  J  7 H z ,  9 - H ) , 3 .9 5  (1H, b r  s ,  9-H) a n d  4 . 4 9  (1H , b r  s ,
7 - H ) ; 6c  2 6 .6  ( C - 2 ) ,  2 9 . 7  (C -12  a n d  C - 1 3 ) ,  3 5 .4  (C -6 ) ,  4 1 . 6  ( C - l ) ,
5 3 . 8  a n d  5 4 . 6  (C -3  a n d  C - 5 ) ,  5 8 . 8  ( C - 9 ) ,  7 1 .3  a n d  7 2 . 7  (C -7  a n d  
C - 8) ,  1 7 3 . 0  a n d  1 7 3 .5  ( C - l l  a n d  C - 1 4 ) ;  ™/z 239 (M+ , 2% ), 1 3 8 ,  1 2 2 ,
1 2 1 ,  1 0 8 ,  82 (1 0 0 % ),  81 a n d  8 0 ;  (Found  M+ , 2 3 9 . 1 1 6 3 .  C12H17N04
r e q u i r e s  M, 2 3 9 . 1 1 5 8 ) .
( - ) - 7 , 9 - 0 , 0 - ( c i s - C y c l o h e x a n e - 1 , 2 - d i c a r b o n y l ) p l a t y n e c i n e  (256) was
o b t a i n e d  a s  a n  i n s e p a r a b l e  m i x t u r e  o f  tw o d i a s t e r e o m e r s  ( 1 1 % y i e l d )
20
a s  a n  o i l ;  R 0 . 4 3 ;  [ a l  - 3 3 . 5  (c  2 ,  C H C 1J ; V (CH C1J 2960  
a D — 3 max 3
2 9 3 0 ,  1 7 3 0 ,  1 4 2 0 ,  1225 a n d  1120 cm 6 1 . 1 8  (4H, b r  m 2 -  a n d
H
6 - H 2 ) , 1 . 5 - 2 . 1  ( 8H, c o m p le x ,  1 6 - ,  1 7 - ,  1 8 -  a n d  1 9 -H 2) , 2 .6 9  (3H,
m, 1 - ,  1 2 -  a n d  1 3 - H ) , 3 .1 3  (1H, m, 3 -  o r  5 - H ) , 3 .3 7  (1H , m, 3 -  o r
5 - H ) , 3 .6 1  (1H , m, 8- H ) ,  3 .8 8  (2H, m, 3 -  o r  5 -H 2 ) , 4 . 9 3  (1H, d d ,
£  1 2 . 1  a n d  3 . 0  H z ,  9 - H ) ,  5 . 0 3  (1H, d ,  J  1 2 . 4  H z ,  9 - H ) ,  a n d  5 .3 6
(1H , b r  t ,  7 - H ) ;  ^ / z  293 (M+ , 31% ), 1 5 6 ,  1 3 8 ,  1 2 2 ,  1 2 1 ,  1 0 8 ,  9 6 ,
9 5 ,  82 (1 0 0 % ),  81 a n d  8 0 ;  (F ound  M+ , 2 9 3 . 1 6 3 2 .  Ci r H _ N 0 ,— 16 2 3 4
r e q u i r e s  M, 2 9 3 . 1 6 8 6 ) .
( - ) - 7 , 9 - 0 , 0 - ( t r a n s - C y c l o h e x a n e - 1 , 2 - d i c a r b o n y l ) p l a t y n e c i n e  (257)
w as  o b t a i n e d  a s  a  m i x t u r e  o f  two d i a s t e r e o i s o m e r s  w h ic h  c o u l d  n o t
b e  s e p a r a t e d  (13% y i e l d )  ; R 0 . 3 2 ;  [ a ]  20  -  2 4 . 5 °  ( c  1 . 1 ,  CHC1 ) ;r  D j
V (C H C 1J 2 9 6 0 ,  2 9 3 0 ,  2 8 5 5 ,  1 7 3 0 ,  1 4 5 0 ,  1 4 2 0 ,  1225 a n d  1120 cm 1 
max 3
6 1 . 2 3  (4H, b r  m, 2-H a n d  6 -H ) , 1 . 8 0  -  2 . 3  ( 8H, c o m p le x ,  1 6 - ,
H 2 2
1 7 - ,  1 8 -  a n d  1 9 -H 2 ) , 2 . 4 0  (2H, m, 1 2 -  a n d  1 3 - H ) ,  2 . 6 5  (1H, m, 1 - H ) ,
2 . 7 8  (2H, m, 3 -  o r  5 - H ) ,  3 . 3 0  (1H, m, 3 -  o r  5 - H ) ,  3 . 5 1  (1H, m, 3 -
o r  5 - H ) ,  3 .7 9  (1H, m, 8- H ) ,  4 . 1 7  (1H, d ,  J  1 2 .6  H z ,  9 - H ) ,  4 . 4 2  (1H,
m 3*
b r  d ,  £  1 2 .6  H z ,  9-H) a n d  5 . 5 0  (1H, b r  s ,  7-H) ; _ / z  2 9 3  (M_ , 8%) , 
1 5 6 ,  1 5 5 ,  1 3 8 ,  1 2 2 ,  1 2 1 ,  1 1 1 ,  1 1 0 ,  1 0 8 ,  9 6 ,  9 5 ,  8 3 ,  82 (1 0 0 % ),  81 
a n d  8 0 ;  (F o u n d :  M_+ , 2 9 3 .1 6 2 0 .  C ^H ^F T C ^ r e q u i r e s  M, 2 9 3 . 1 6 4 2 ) .
194
REFERENCES
1 .  D . J .  R o b i n s ,  F o r t s c h r .  Chem. O rg .  N a t u r s t . , 1 9 8 2 ,  4 1 ,  115
2 .  D . J .  R o b i n s ,  N a t .  P r o d .  R e p . , 1 9 8 4 ,  1 ,  2 3 5 ;  1 9 8 5 ,  £ ,  2 1 3 ;
1 9 8 6 ,  £ ,  2 9 7 ;  1 9 8 7 ,  4 ,  5 7 7 .
3 .  A .R . M a t t o c k s ,  " C h e m i s t r y  a n d  T o x i c o l o g y  o f  P y r r o l i z i d i n e  
A l k a l o i d s " ,  A c a d e m ic  P r e s s ,  L o n d o n ,  1 9 8 6 .
4 .  H.D. T a n d o n ,  B.M. T a n d o n  a n d  A .R . M a t t o c k s ,  A m er. J .  
G a s t r o e n t e r o l , 1 9 7 8 ,  7 0 ,  6 0 7 .
5 .  I .  H i r o n o ,  H. M ori a n d  M. H a g a ,  J .  N a t l .  C a n c e r  I n s t . ,
1 9 7 8 ,  6 1 ,  8 6 5 .
6 . M. B o p p re ,  R .L .  P e t t y ,  D. S c h n e i d e r  a n d  J .  M e in w a ld ,
J .  Comp P h y s i o l . ,  1 9 7 8 ,  126A, 9 7 ;  G . J .  G o s s ,
E n v i r o n  E n t o m o l . , 1 9 7 9 ,  £ ,  4 8 7 .
7 .  L .B .  B u l l ,  C . C . J .  C u l v e n o r  a n d  A .T .  D i c k ,  "T he  P y r r o l i z i d i n e  
A l k a l o i d s " ,  N o r t h  H o l l a n d ,  A m ste rd a m , 1 9 6 8 .
8 . C . C . J .  C u l v e n o r ,  A .T .  Dann a n d  A .T .  D ic k ,  N a t u r e , 1 9 6 2 ,
1 9 5 , 570 .
9 .  A .R . M a t t o c k s ,  N a t u r e , 1 9 6 8 ,  2 1 7 , 723 :  J .  Chem. S o c .  ( C ) ,
1 9 6 9 ,  1 155 .
1 0 .  J . S . K o v ach ,  M.M. Ames, G. P o w i s ,  C .G . M o e r t e l ,  R .G .  H a h n ,  
a n d  E .T .  C r e a t g a n ,  C a n c e r  R e s . , 1 9 7 9 ,  3 9 ,  4 5 4 0 .
1 1 .  R. S c h o e n t a l  a n d  A .R . M a t t o c k s ,  N a t u r e , 1 9 6 0 ,  1 8 5 , 8 4 2 .
1 2 .  R . S c h o e n t a l ,  I s r a e l .  J .  M ed. S c i . ,  1 9 6 8 ,  £ ,  1 1 3 3 .
1 3 .  A .R . M a t t o c k s ,  T o x i c o l .  L e t t . , 1 9 8 2 ,  1 4 ,  1 1 1 .
1 4 .  R.  R o b in s o n ,  " T h e S t r u c t u r a l  R e l a t i o n s  o f  N a t u r a l  P r o d u c t s " ,
C la r e n d o n  P r e s s ,  O x f o r d ,  1 9 5 5 .
1 5 .  E .  N o w a c k i a n d  R . U .  B y e r r u m , L i f e  S c i . , 1 9 6 2 ,  J L ,  1 5 7 .
1 6 .  W. B o t t o m le y  a n d  T .A .  G r e i s s m a n ,  P h y t o c h e m i s t r y , 1 9 6 4 ,
3 , 357.
195
1 7 .  D . J .  R o b in s  a n d  J . R .  S w e e n e y ,  J .  Chem. S o c . ,  P e r k i n  T r a n s
1 , 1 9 8 1 ,  3 0 8 3 .
1 8 .  T .A . G e is s m a n  a n d  D .H .G . C r o u t ,  " O r g a n i c  C h e m i s t r y  o f
S e c o n d a r y  P l a n t  M e t a b o l i s m " ,  F re e m a n ,  C o o p e r  a n d  C o . ,
San  F r a n c i s c o ,  1 9 6 9 .
1 9 .  Y .K. Ho, R .N . G u p ta ,  D .B . MacLean a n d  I . D .  S p e n s e r ,
Can . J .  C h e m . , 1 9 7 1 ,  4 9 ,  3 3 5 2 .
2 0 .  D . J .  R o b i n s ,  J .  Chem. R es ( S ) . , 1 9 8 3 ,  3 2 6 .
2 1 .  G. G r u e - S ^ r e n s e n  a n d  I . D .  S p e n s e r ,  C an .  J .  C h e m . , 1 9 8 2 ,
6 0 ,  6 4 3 .
2 2 .  H.A. Khan a n d  D . J .  R o b i n s ,  J .  Chem. S o c . , Chem. Commun. ,
1 9 8 1 ,  5 5 4 ;  J .  Chem. S o c . , P e r k i n  T r a n s  1 , 1 9 8 5 ,  1 9 1 .
2 3 .  R. K u t t a n ,  A .N. R a d h a k r i s h n a n ,  T . S p a n d e  a n d  B. W i tk o p ,
B io c h e m j  s t r y , 1 9 7 1 ,  1 0 ,  361 ;  R. K u t t a n  a n d  A .N . R a d h a k r i s h n a n ,  
B io c h e m . J . , 1 9 7 2 ,  1 2 7 , 1 6 1 .
2 4 .  J .  R an a  a n d  D . J .  R o b i n s ,  J .  Chem. R es ( S ) , 1 9 8 3 ,  1 4 6 .
2 5 .  H.A. K e l l y  a n d  D . J .  R o b i n s ,  J .  Chem. S o c . , P e r k i n  T r a n s .  1 ,
1 9 8 7 ,  1 7 7 .
2 6 .  D . J .  R o b i n s ,  J .  Chem. S o c . , Chem. Commun., 1 9 8 2 ,  1 2 8 9 .
2 7 .  J .  R an a  a n d  E . L e e t e ,  J .  Chem. S o c .  Chem. Commun. ,  1 9 8 2 ,  1 8 2 1 .
2 8 .  E .K .  K unec  a n d  D . J .  R o b i n s ,  J .  Chem. S o c . , Chem. Commun.,
1 9 8 6 ,  2 5 0 ;  J .  Chem. S o c . , P e r k i n  T r a n s . 1 , 1 9 8 9 ,  1 4 3 7 .
2 9 .  M.T. P i z z o m o  a n d  S.M. A l b o n i c o ,  J .  O rg .  C h e m . , 1 9 7 4 ,  3 9 ,
731 .
3 0 .  D . J .  R o b in s  a n d  J . R .  S w e e n e y ,  P h y t o c h e m i s t r y , 1 9 8 3 ,  2 2 ,
4 5 7 .
31. J .  R an a  a n d  D . J .  R o b i n s ,  J .  Chem. S o c . , Chem. Commun. , 1 9 8 4 ,  
517; J .  Chem. S o c . ,  P e r k i n  T r a n s  1 , 1 9 8 6 ,  9 8 3 .
196
3 2 .  J . C .  R i c h a r d s  a n d  I . D .  S p e n s e r ,  C a n . J . Chem. , 1 9 8 2 ,
6 0 , 2 8 1 0 .
3 3 .  A .R . B a t t e r s b y ,  J .  S t a u t o n  a n d  M.C. Sum m ers,  J .  Chem. S o c . , 
P e r k i n  T r a n s . 1 , 1 9 7 6 ,  1 0 5 2 .
3 4 .  E .K .  K unec  a n d  D . J .  R o b i n s ,  J .  Chem. S o c . , Chem. Commun. , 
1 9 8 5 ,  1450 ; J .  Chem. S o c . , P e r k i n  T r a n s . 1 , 1 9 8 7 ,  1 0 8 9 .
3 5 .  H .A. K e l l y  a n d  D . J .  R o b i n s ,  J .  Chem. S o c . ,  P e r k i n  T r a n s  1 ,
1 9 8 7 ,  2 1 9 5 .
3 6 .  H .A . K e l l y  a n d  D . J .  R o b i n s ,  J .  Chem. S o c . , Chem. Commun.,
1 9 8 8 ,  329 .
3 7 .  D .H .G . C r o u t ,  M.H. B e n n ,  H. I m a s e k i ,  a n d  T .A .  G e i s s m a n ,  
P h y t o c h e m . , 1 9 6 6 ,  5_, 1 .
3 8 .  D .H .G . C r o u t ,  J .  Chem. S o c .  ( C ) . ,  1 9 6 6 ,  1 9 6 8 ;  N.M. D a v i e s  
a n d  D .H .G . C r o u t ,  J .  Chem. S o c . , P e r k i n  T r a n s . 1 , 1 9 7 4 ,
2 0 7 9 ;  D . J .  R o b i n s ,  N.M. B a le  a n d  D .H .G . C r o u t ,  J .  Chem.
S o c . , P e r k i n  T r a n s .  1 , 1 9 7 4 ,  2 0 8 2 .
3 9 .  N.M. B a l e ,  R. C a h i l l ,  N.M. D a v i e s ,  M.B. M i t c h e l l ,  E .H .  S m i th  
a n d  D .H .G . C r o u t ,  J .  Chem. S o c . , P e r k i n  T r a n s .  1 , 1 9 7 8 ,
1 0 1 ;  D .H .G . C r o u t ,  C h im ia ,  1 9 7 6 ,  30 , 2 7 0 ;  R. C a h i l l ,
D .H .G . C r o u t ,  M.B. M i t c h e l l  a n d  U .S .  M u l l e r ,  J .  Chem. S o c . , 
Chem. Commun., 1 9 8 0 ,  4 1 9 .
4 0 .  R .E .  M a r q u i s ,  "H andbook  o f  E x p e r i m e n t a l  P h a r m a c o l o g y " ,
S p r i n g e r - V e r l a g ,  B e r l i n ,  1 9 7 0 .
4 1 .  D . J .  R o b i n s ,  A d v . H e t e r o c y c l i c  C h e m i s t r y , 1 9 7 9 ,  J24, 2 4 7 ;
a n d  r e f e r e n c e s  c i t e d  t h e r e i n .
4 2 .  T . A .  G e is s m a n  a n d  A . C .  W a i s s ,  J .  O rg .  C h e m ., 1 9 6 2 ,  £ 7 ,  1 3 9 .
4 3 .  J .W . C la r k - L e w is  a n d  P . I .  M o r t im e r ,  J .  C hem . S o c . , 1 9 6 0 ,
189.
197
4 4 .  K. N a r a s a k a ,  T . S a k a k u r a ,  T .  U c h im a r u ,  K. M o r im o to  a n d  
T .  M ukaiyam a, Chem. L e t t . , 1 9 8 2 ,  4 5 5 .
4 5 .  H. R u e g e r  a n d  M. B e n n ,  H e t e r o c y c l e s , 1 9 8 2 ,  1 9 , 2 3 .
4 6 .  H. R u e g e r  a n d  M. B e n n ,  H e t e r o c y c l e s , 1 9 8 3 ,  2 0 , 1 3 3 1 .
4 7 .  V .K. Y a d a v ,  H. R u e g e r  a n d  M. B e n n ,  H e t e r o c y c l e s , 1 9 8 4 ,
22^, 2 7 3 5 .
4 8 .  J . G .  B u c h a n a n ,  G. S i n g h  a n d  R .H . W ig h tm an ,  J .  Chem. S o c . , 
Chem. Commun., 1 9 8 4 ,  1 2 9 9 .
4 9 .  S.M. H a n n ic k  a n d  Y. K i s h i ,  J .  O r g .  C h e m . , 1 9 8 3 ,  4 8 ,  3 8 3 3 .
5 0 .  J . G .  B u c h a n a n ,  V .B . J i g a j i n n i ,  G. S i n g h  a n d  R.W. W igh tm an  
J .  Chem. S o c . , P e r k i n  T r a n s .  I , 1 9 8 7 ,  2 3 7 7 .
5 1 .  J . A.  G l i n s k i  a n d  L . H .  Z a lk o w , T e t r a h e d r o n . L e t t . , 1 9 8 5 ,
2 6 ,  2 8 5 7 .
5 2 .  N . J .  L e o n a r d  a n d  J . A .  K l a i n e r ,  J .  Am. Chem. S o c . , 1 9 6 8 ,
3 3 ,  4 2 6 9 .
5 3 .  N . J .  L e o n a r d  a n d  T . S a t o ,  J .  O r g .  C h e m . , 1 9 6 9 ,  _3i/ 1 0 6 6 .
5 4 .  H. N iw a , A. K u r o d a  a n d  K. Y a m a d a , C hem . L e t t . , 1 9 8 3 ,  1 2 5 .
5 5 .  H. N iw a ,  Y. U o s a k i  a n d  K. Y am ada, T e t r a h e d r o n .  L e t t . ,
1 9 8 3 ,  2 4 ,  5 7 3 1 .
5 6 .  J . J .  T u f a r i e l l o  a n d  J . P .  T e t t e ,  J .  O r g . C h e m ., 1 9 7 5 ,  4 0 , 
3 8 6 6 .
5 7 .  J . J .  T u f a r i e l l o  a n d  G .E . L e e ,  J .  Am. C hem . S o c . ,  1 9 8 0 ,
1 0 2 , 373 .
5 8 .  E . V e d e j s ,  S . L a r s e n  a n d  F .G .  W e s t ,  J .  O r g .  C h e m . , 1 9 8 5 ,
5 0 ,  2 1 7 0 .
5 9 .  H .O . B a y e r ,  H. G o t t h a r d t  a n d  R. H u i s g e n ,  Chem. B e r . , 1 9 7 0 ,
1 0 3 , 2 3 5 6 .
6 0 .  D . J .  R o b in s  and  S .  S a k d a r a t ,  J .  Chem. S o c . , P e r k i n  T r a n s  1 , 
1 9 7 9 ,  1 7 3 4 .
198
6 1 .  D . J .  R o b in s  a n d  S . S a k d a r a t ,  J .  Chem. S o c . , Chem. Commun. ,
1 9 7 9 ,  118 1 .
6 2 .  R .S .  S aw h n ey ,  C .K. A t a l ,  C . C . J .  C u l v e n o r  a n d  L.W. S m i t h ,
A u s t r a l .  J .  C h em ., 1 9 7 4 ,  2T_, 1 8 0 5 .
6 3 .  S .  B r a n d a g e  a n d  C. L u n d i n ,  A c t a .  Chem. S c a n d . , 1 9 7 1 ,  2 5 ,
2 4 4 7 .
6 4 .  H .A . K e l l y  a n d  D . J .  R o b i n s ,  J .  Chem. S o c . , P e r k i n  T r a n s .  1 ,
1 9 8 9 ,
6 5 .  K .N . H ouk , J .  S im s ,  R .E .  D uke , J n r . ,  R.W. S t r o z i e r  a n d  
J . K .  G e o r g e ,  J .  Am. Chem. S o c . , 1 9 7 3 ,  9 5 ,  7 2 8 7 .
6 6 . K .N . H ouk, J .  S im s ,  C .R . W a t t s  a n d  L . J .  L u s k u s ,  J .  Am.
Chem. S o c . , 1 9 7 3 ,  _95_, 7 3 0 1 .
6 7 .  D . J .  R o b in s  an d  S . S a k d a r a t ,  J .  Chem. S o c . , Chem. C om m un.,
1 9 8 0 ,  2 8 2 .
6 8 . E . J .  C o re y  a n d  K .C . N i c o l a o u ,  J .  Am. Chem. S o c . , 1 9 7 4 ,
9 6 ,  5 6 1 4 .
6 9 .  J . A .  D e v l i n ,  D . J .  R o b in s  a n d  S .  S a k d a r a t ,  J .  Chem. S o c . ,
P e r k i n  T r a n s  I , 1 9 8 2 ,  1 1 1 7 .
70 .  ( + ) - R e t r o n e c i n e  was o b t a i n e d  b y  h y d r o l y s i s  o f  r e t r o r s i n e
f ro m  S e n e c i o  i s a t i d e u s . See  D . J .  R o b in s  a n d  J . R .  S w e e n e y
J .  Chem. S o c . , P e r k i n  T r a n s .  I , 1 9 8 1 ,  3 0 8 3 .
7 1 .  j . a .  D e v l i n  a n d  D . J .  R o b i n s ,  J .  C hem . S o c . , C hem . C o m m u n .,
1 9 8 1 ,  1 2 7 2 .
7 2 .  K. B row n, M. B u r t o n ,  D . J .  R o b in s  a n d  G .A . S i m . ,  J . Chem. 
S o c . , P e r k i n  T r a n s  I , 1 9 8 6 ,  1 2 6 1 .
7 3 .  M. B u r t o n  a n d  D . J .  R o b i n s ,  J .  Chem. S o c . , P e r k i n  T r a n s .  1 ,
1 9 8 5 ,  6 1 1 .
74 . M. B u r t o n  a n d  D . J .  R o b i n s ,  J .  Chem. S o c . , P e r k i n  T r a n s . 1 ,
1 9 8 6 ,  5 8 5 .
199
7 5 .  C . C . J .  C u l v e n o r ,  A .T .  Dann a n d  L.W. S m i t h ,  Chem. I n d .
( L o n d o n ) , 1 9 5 9 ,  2 0 ;  C . C . J .  C u l v e n o r  a n d  L.W. S m i t h ,
A u s t .  J .  C h e m . , 1 9 6 6 ,  _19_, 1 9 5 5 ;  C . C . J .  C u l v e n o r ,  S . R .  J o h n s  
J . A .  L a m b e r to n  a n d  L.W. S m i t h ,  i b i d . , 1 9 7 0 ,  2 3 , 1 2 7 9 .
7 6 .  R . Adams a n d  B .L .  Van D u u r e n ,  J .  Am. Chem. S o c . , 1 9 5 4 ,  7 6 ,
6 3 7 9 .
7 7 .  K. N a r a s a k a  a n d  T . U c h im a r u ,  Chem. L e t t . , 1 9 8 2 ,  5 7 .
7 8 .  T .A .  G e is s m a n  a n d  A .C .  W a i s s ,  J . O r g . Chem. , 1 9 6 2 ,  21_, 1 3 9 .
7 9 .  S .  M asam une, S .  K am ata  a n d  W. S c h i l l i n g ,  J .  Am. Chem. S o c . ,
9 7 ,  3515 (1975)  .
8 0 .  J .  Huang a n d  J .  M e in w a ld ,  J .  Am. Chem. S o c . , 1 9 8 1 ,  1 0 3 , 8 6 1 .
8 1 .  0 .  C e r v i n k a ,  L .  Hub, A. K l a s e k  a n d  F .  S a n t a v y ,  Chem.
Commun. , 1 9 6 8 ,  2 6 1 .
8 2 .  E .  V e d e j s ,  S .  Ahmad, S .D .  L a r s e n  a n d  S .  W es tw ood ,  J .  O rg .
Chem. , 1 9 8 7 ,  5 2 ,  3 9 3 7 .
8 3 .  E .  V e d e j s  a n d  S .D .  L a r s e n ,  J .  Am. Chem. S o c . , 1 9 8 4 ,  1 0 6 ,
3 0 3 0 .
8 4 .  J . D .  W h i te  a n d  S .  O h i r a ,  J . O r g . Chem. , 1 9 8 6 ,  S I ,  5 4 9 2 .
8 5 .  D .B .  H agan  a n d  D . J .  R o b i n s ,  J .  Chem. S o c . , P e r k i n  T r a n s .  1 ,  
1 9 8 8 ,  1 1 6 5 .
8 6 . R .H . B a r b o u r  a n d  D . J .  R o b i n s ,  J .  Chem. S o c . , P e r k i n  T r a n s .  I ,
1 9 8 5 ,  2 4 7 5 .
8 7 .  R .H . B a r b o u r ,  D . J .  R o b i n s  a n d  A .A . F r e e r ,  J .  Chem. S o c . , P e r k i n
T r a n s . I , 1 9 8 7 ,  2 0 6 9 .
8 8 . R .H . B a r b o u r  a n d  D . J .  R o b i n s ,  J .  Chem. S o c . , P e r k i n  T r a n s .  I ,
1 9 8 8 ,  1 1 6 9 .
8 9 .  R .H . B a r b o u r  a n d  D . J .  R o b i n s ,  J . Chem. S o c . , P e r k i n  T r a n s . I ,
1 9 8 8 ,  1 9 2 3 .
200
9 0 .  D . J .  R o b in s  a n d  S .  S a k d a r a t ,  J .  Chem. S o c . , P e r k i n  T r a n s . I , 
1 9 8 1 ,  9 0 9 .
9 1 .  S .  K o h lm u e n z e r ,  H. Tomczyk a n d  A. S a i n t - F i r m i n ,  P i s s .  P h a rm .  
P h a r m a c o l ,  1 9 7 1 ,  2 3 ,  4 1 9 .
9 2 .  H. Tomczyk a n d  S .  K o h lm u n z e r ,  H e r b a .  P o l . , 1 9 7 1 ,  1/7, 2 2 6 .
9 3 .  R .H .  B a r b o u r  a n d  D . J .  R o b i n s ,  P h y t o c h e m i s t r y , 1 9 8 7 ,  2 6 , 2 4 3 0 .
9 4 .  H .A . K e l l y ,  E .K .  K u n ec ,  M. R o d g e r s  a n d  D . J .  R o b i n s ,  J . Chem . 
R e s . , 3 5 8 .
9 5 .  E .  L e e t e  a n d  J .  R an a ,  J .  N a t .  P r o d . , 1 9 8 6 ,  49_, 8 3 8 .
9 6 .  G. B ir n b a u m ,  J .  Am. Chem. S o c . , 1 9 7 4 ,  96^, 6 1 6 5 ;  K .B .
B ir n b a u m ,  A c ta  C r y s t . ,  1 9 7 2 ,  2 8 ,  B , 2 8 2 5 .
9 7 .  H. S t o e c k l i - E v a n s , A c t a  C r y s t a l l o g r . ,  S e c t .  B , 1 9 7 9 ,  3 5 ,
2 7 9 8 .
9 8 .  M. K in n s  a n d  J .K .M .  S a n d e r s ,  J .  Mag. R e s o n . , 1 9 8 4 ,  5 6 , 5 1 8 .
9 9 .  M . J a z i r i  e t  a l ,  P h y t o c h e m i s t r y , 1 9 8 8 ,  _27, 4 1 9 .
1 0 0 .  H .A . Khan a n d  D . J .  R o b i n s ,  J .  Chem. S o c . , P e r k i n  T r a n s .  1 ,
1 9 8 5 ,  8 1 9 .
1 0 1 .  A .V . D a n i l o v a ,  N . I .  K o r e t s k a y a  a n d  L .M . U t k i n ,  J .  G en . C h e m . , 
U . S . S . R . , 1 9 6 1 ,  3 1 ,  3 5 6 0 .
1 0 2 .  E .  F a b i a n o  and B .T .  G o l d i n g ,  S y n t h e s i s , 1 9 8 7 ,  1 9 0 .
1 0 3 .  0 .  M i t s u n o b u ,  S y n t h e s i s , 1 9 8 1 ,  1 .
1 0 4 .  H. G o l o b o l o v ,  T e t r a h e d r o n , 1 9 8 1 ,  3 2 '  4 ^ 7 .
1 0 5 .  C . C . J .  C u l v e n o r  an d  L.W. S m i t h ,  A u s t .  J .  C h e m . , 1 9 6 7 ,  2 0 , 
2 4 9 9 .
1 0 6 .  M. W ink ,  Z. N a t u r f o r s c h , 1 9 8 3 ,  3 8 c , 9 0 5 .
1 0 7 .  J . P .  S o t o ,  A c t a .  C i e n t .  C o m p o s t e l a n a , 1 9 6 9 ,  £ ,  3 7 ;
I .  R i b a s  and  J . J .  B a r r e i r o ,  A n a l e s . A s s o c .  Quim . A r g . ,
1 9 5 3 ,  4 1 ,  2 7 .
1 0 8 .
1 0 9 .
110. 
111.
112.
1 1 3 .
1 1 4 .
1 1 5 .
1 1 6 .
1 1 7 .
1 1 8 .
1 1 9 .
120. 
121.
1 2 2 .
1 2 3 .
1 2 4 .
1 2 5 .
1 2 6 .  
1 2 7 .
201
R. M u n ie r  a n d  M. M a c h e b o e f ,  B u l l .  S o c .  Chim . B i o l . /
1 9 5 1 ,  33 ,  8 4 6 .
H. G o t t h a r d t  a n d  R. H u i s g e n ,  Chem. B e r . y 1 9 7 0 ,  1 0 3 , 2 6 2 5 .
S .  S a k d a r a t ,  P h .D .  T h e s i s ,  197 9, U n i v e r s i t y  o f  G la s g o w .
R. H u i s g e n ,  H. G o t t h a r d t  a n d  H . 0 .  B a y e r ,  Chem. B e r . , 1 9 7 0 ,
1 0 3 ,  2 3 6 8 .
H . J .  H u i z i n g ,  F .  D eB oer  a n d  T .M . M a l i n g r e ,  J . C h r o m a t o g r . ,
1 9 8 0 ,  1 9 5 , 4 0 7 ;  R . J .  M o ly n e u x  a n d  J . N .  R o i tm a n ,  i b i d . , 4 1 2 .
H .A . K e l l y ,  P h .D .  T h e s i s ,  1 9 8 7 ,  U n i v e r s i t y  o f  G la s g o w .
E.W . C o l v i n ,  " S i l i c o n  i n  O r g a n i c  S y n t h e s i s " ,  B u t t e r w o r t h s .
1979 ( 1 s t  E d n . )
T . G r e e n e ,  " P r o t e c t i n g  G ro u p s  i n  O r g a n i c  S y n t h e s i s "
1 9 8 4 .
S .K .  C h a u d h a ry  a n d  0 .  H e r n a n d e z ,  T e t r a h e d r o n  L e t t . ,
1 9 7 9 ,  9 9 .
T .  G e lb au m , M.M. G o rd o n ,  M. M i l e s  a n d  L .H .  Z a lk o w ,  J . O r g .
Chem. , 1 9 8 2 ,  47_, 2 5 0 1 .
D. R . M o r r i s  a n d  L . J .  M a r t o n ,  E d s . ,  " P o ly a m i n e s  i n  B i o l o g y  
a n d  M e d i c i n e " ,  M a r c e l  D e k k e r ,  New Y o rk ,  1 9 8 1 .
H. T a b o r  a n d  C.W. T a b o r ,  P h a r m a c o l .  R e v . , 1 9 6 4 ,  1 6 , 2 4 5 ,
N.M. B a l e  a n d  D .H .G . C r o u t ,  P h y t o c h e m i s t r y , 1 9 7 5 ,  14_, 2 6 1 7 .
P .  B e y ,  F .  G e r h a r t ,  V .V an  D o r s s e l a e r  an d  C. D a n z i n ,
J .  Med. Chem. ,  1 9 8 3 ,  26_, 1 5 5 1 .
L .H .  A m undsen, R .H. M a y e r ,  L . S .  P i t t s  a n d  L . A. M a l e n t a c c h i  
J .  Am. Chem. S o c . , 1 9 5 1 ,  _73, 2 1 1 8 .
C . J .  S u c k l i n g ,  A ngew . Chem. I n t .  E d .  E n g l . , 1 9 8 8 ,  2 7 , 5 3 7 .
S e e  Chem. B r . , 1 9 8 6 ,  £ 2 ,  3 9 5 .
J .M .  D e n i s ,  C. G i r a r d  a n d  J .M .  C o n i a ,  S y n t h e s i s , 1 9 7 2 ,  5 4 9 .
R . D .  S m i th  a n d  H .E .  S im m ons, O rg .  S y n t h . , 1 9 6 1 ,  4 1 ,  7 2 .
H. E .  Simmons a n d  R .D . S m i t h ,  J .  Am. Chem. S o c . , 1 9 5 9 ,  8 1 ,
4 2 5 6 .
202
1 2 8 .  E .  L e G o f f , J .  O rg .  C h e m . , 1 9 6 4 ,  29_, 2 0 4 8 .
1 2 9 .  H .E .  S im m ons ,  T .L .  C a i r n s ,  S .A .  V l a d u c h i c k  a n d  C.M.
H o i n e s s ,  O r g .  R e a c t . , 1 9 7 3 ,  20_, 1 .
1 3 0 .  H .E .  Simmons a n d  R .D . S m i t h ,  J .  Am. Chem. S o c . , 1 9 5 8 ,
8 0 ,  5 3 2 3 .
1 3 1 .  P . J .  A b e l l  a n d  D . J . J .  L e n n o n ,  J .  Am. Chem. S o c . , 1 9 6 5 ,
3 0 ,  1 2 0 6 .
1 3 2 .  C . S .  P a l m e r  a n d  P.W. M a c W h i r t e r ,  O r g . S y n t h . , C o l l .  V o l .  1 , 
1 9 4 1 ,  2 4 5 .
1 3 3 .  G. B o n a v e n t  , B u l l .  S o c .  C h im . F r . , 1 9 6 4 ,  10_, 2 4 6 2 .
1 3 4 .  R . J .  A b raham , " A n a l y s i s  o f  H ig h  R e s o l u t i o n  n . m . r .  S p e c t r a " ,  
E l s e v i e r ,  1 9 7 1 .
1 3 5 .  S .M . R e i d ,  p e r s o n a l  c o m m u n ic a t io n .
1 3 6 .  S .  S a r e l  an d  M. S.  Newman, J .  Am. Chem. S o c . , 1 9 5 6 ,  7 8 ,  5 4 1 6 .
1 3 7 .  C . C . J .  C u l v e n o r ,  C h e m - B i o l .  I n t e r a c t . , 1 9 7 6 ,  1 2 , 2 9 9 .
1 3 8 .  A. J .  A a s e n ,  C . C . J .  C u l v e n o r  an d  L.W. S m i t h ,  J . O r g . Chem. , 
1 9 6 9 ,  3 4 ,  4 1 3 7 .
1 3 9 .  P .  K a r r e r ,  H. R e s c h o f s k y  a n d  W. K a s s e ,  H e l v .  C h im . A c t a . , 
1 9 4 7 ,  3 0 ,  2 7 1 .
1 4 0 .  " D i c t i o n a r y  o f  O r g a n ic  C om p oun d s" ,  Chapman a n d  H a l l ,
V o l .  1 ,  p l 0 7 0 .
1 4 1 .  W. S c h m i d t ,  O rg .  R e a c t . , 1 9 4 7 ,  3 2 7 .
1 4 2 .  G a f f i e l d  e t  a l ,  T e t r a h e d r o n , 1 9 7 1 ,  21_, 9 1 5 .
1 4 3 .  S .  O kuda  a n d  K. T s u d a ,  Chem. I n d . , 1 9 6 1 ,  1 1 1 5 .
1 4 4 .  W. G o l e b i e w s k i ,  O rg .  Mag. R e s o n . , 1 9 7 2 ,  4 ,  8 3 7 ;  i b i d . ,
1 9 8 6 ,  2 4 ,  1 0 5 .
1 4 5 .  " R e a g e n t s  f o r  O r g a n ic  S y n t h e s i s " ,  F i e s e r  a n d  F i e s e r ,  1 9 6 7 ,  
1 2 7 6 .
203
1 4 6 .  C .K . I n g o l d ,  J .  Chem. S o c . , 1 9 2 1 ,  1 1 9 ,  3 0 5 .
1 4 7 .  A .T .  B l o m q u i s t ,  J .  Am. Chem. S o c . , 1 9 5 9 ,  81 ., 2 0 1 2 .
1 4 8 .  D i c t i o n a r y  o f  O r g a n i c  Compounds ( 5 t h  E d n . ) , 1 ,  9 0 9 .
1 4 9 .  R . Adams a n d  E . F .  R o g e r s ,  J .  Am. Chem. S o c . , 1 9 4 1 ,  6 3 , 
5 3 7 .
